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Abstract. 
This dissertation was written as part of the MSc in Banking and Finance at the 
International Hellenic University. 
The study addresses the diversification effects of incorporating commodity 
futures in US stock portfolios. Like many others before, we make an effort in identifying 
how including this alternative asset in a stock portfolio, succeeds in providing a reduced 
risk for the investor. Towards that goal, we construct 4 sets of portfolios based on the 
risk and return approach of Harry Markowitz. Each of these sets break down in 3 risk 
classes. We begin with portfolios including stocks from the Dow Jones index, and 
continue by inserting derivative products. We then analyze and compare the constructed 
portfolios’ performance. Research questions that are analyzed in this study: What are 
the diversification effects of commodity futures in the period after the world financial 
crisis of 2007? How different risk class investors can benefit from including commodities 
in their portfolios? We conclude the research by providing the limitations of the process 
followed, and suggesting topics for further future research. 
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Introduction. 
Minimizing the inherent risk of one’s portfolio has always been in the line of 
investors’ thinking. Long before Harry Markowitz, there had been numerous attempts in 
finding ways to manage wealth more efficiently and reduce portfolio exposure. MPT 
came to provide the next step in this investment quest, further elaborating on the 
concepts of diversification, risk-return tradeoff and optimal wealth allocation. 
Towards this goal, investors have taken notice of the commodity products’ appeal 
as a separate and useful alternative asset class. Before the financial crisis of 2007-2008, 
this asset’s low and negative correlations with stock and bond investments provided 
robust opportunities for diversification. Therefore commodities were widely exploited 
and introduced in multi asset portfolios, so that to exploit their reverse movement to 
traditional securities. However, the increased correlation with equities exhibited after 
that turbulent period, has had plenty literature questioning their current diversification 
benefits.  
The present thesis tries to investigate the extent of the benefits of two widely 
traded energy commodity products, i.e. crude oil and natural gas futures in the period 
2009-2019. We begin by providing some basic knowledge upon the Modern Portfolio 
Theory and continue with an in-depth analysis of the concepts and formulas upon which 
we will rely for building and interpreting our empirical application. Concepts of risk and 
return in the MPT context, efficient frontier, capital market line and tangent portfolio are 
described. Afterwards, we look into the two methods of evaluating a portfolio’s 
performance, emphasizing on the risk adjusted methods. We then elaborate on the 
history and mechanics of derivative products. We further break down the futures and 
commodity futures markets, laying out some indicative recent figures that highlight 
these markets’ importance. Chapter 1 of the thesis closes with a discussion on the 
existing literature regarding the commodity futures’ diversification benefits. We cite 
both supporting and questioning studies on the matter, covering periods before and 
after the ’07 world crisis. 
Chapter 2 comprises the empirical application. We present the sources for all our 
needed data and introduce the selected stocks from the Dow Jones index. We then 
describe the process used to pick the initial stock portfolios, giving the relevant 
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correlation matrices. Next, the initial optimization model is run with the respective 
constraints. We move on by adding commodity products to the optimal stock portfolios; 
in the first step crude oil is added, then we incorporate natural gas and finally we add 
both commodities. The optimization models for each case are described. After that, we 
present the initial and mixed optimum portfolios characteristics (weight allocation, risk, 
return and performance), comparing them overall and in each risk category. Finally, we 
comment on our findings’ meaning and provide similarities and differences with the 
existing literature.  
The goal of this study is to examine whether the diversification benefits of 
commodity futures are still present after the world financial crisis. In line with relevant 
recent studies, we expect them to be reduced due to a higher correlation exhibited 
between equity and commodities; however, we expect to still achieve a higher portfolio 
performance when we add futures to our stock portfolios. We will also try to identify 
how these results differ between investors with a dissimilar attitude and appetite 
towards risk, and make suggestions on each class’s investors’ course of action.   
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CHAPTER 1: Theoretical Background. 
 
1.1. Portfolio Theory & Portfolio performance. 
 
In this chapter we provide the origins of Portfolio Theory, we elaborate on the 
history and basic elements of the Modern Portfolio Theory, and close by presenting 
some of the most widely used methods of portfolio evaluation. 
 
1.1.1. Origins of Portfolio Theory. 
 
In the second half of the 19th century, with the commencement of wider 
participation in financial investments and a rising number of listed companies in the UK 
stock exchange (following the establishment of limited liability in 1856 and its extension 
in 1862), many investors started looking for more efficient ways to manage their capital. 
The goal was to find a method for calculating the optimal fund allocation between 
available assets, and in doing so, enjoy higher returns. While nowadays the concept of 
an investment portfolio seems obvious, that was not the case back then, and the idea 
was not established until much later, in the 1960s.  
However, the concepts of risk and diversification have been promoted as early as 
the 1870s in an immature form. Financial advisors and analysts at the time made 
suggestions on how to integrate a number of investments in portfolios.  Chadwicks, 
Adamson, Collier & Co. (Chadwicks), an accountants’ firm which was based in 
Manchester, were specialized in issuing prospectuses (Chadwicks’ Investment Circular) 
regarding firms that engaged in different industries and promoted the conversation 
around diversification’s use as a risk reduction tool. In the same context, Samuel Orchart 
Beeton and his book “Beeton’ s Guide to Investing Money with Safety and Profit” 
(Beeton, 1870) advertised the idea of diversification to a wider audience. For those that 
lacked adequate capital, there existed the choice of investing in investment trusts, i.e. 
funds that assumed the role of diversifying on behalf of their holders. The Foreign and 
Colonial Government Trust was the first British investment trust. It was founded in 1868 
and altered the financial landscape of the British nation by offering investments available 
to the masses.  
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 Moving forward in time, Marschak, Markowitz’s supervisor, had equipped 
statistical variance to calculate uncertainty in returns, presuming that investors’ utility 
depends on expected volatility on top of expected return (Marschak & Makower, 1938; 
see also Roy, 1952). In the 1930s, authors like Williams (1938) and Hicks (1935), who 
were acknowledged by Markowitz (1999), had underlined the potential advantages of 
diversification as well, yet they failed to deliver a proper optimization model. Lowenfeld 
wrote two books (in 1907 and 1911) that have been regarded as genuine and influential 
studies in the topic of diversification. In the same period, ideas such as risk aversion, risk 
premium, international diversification, specific and systematic risk and correlation, can 
be also found in the books of two well-known French financial analysts, Leroy-Beaulieu 
(1908) and Neymarck (1913) (see Leroy-Beaulieu, 1908 and Neymarck, 1913). In 1910 
Crozier, influenced by the work of Lowenfeld, suggested the spread of securities in a 
country among different sectors, also proposing the use of various types of financial 
instruments. Chapman’s article in the Financial Review of Reviews in 1910, explained the 
concept of positive correlation among industries, providing examples of complementary 
and independent sectors and stating the benefits of cross-industry diversification (see 
Crozier, 1910 and Lowenfeld, 1909). 
It becomes evident from the above, that ideas like diversification and risk 
reduction were present long before the time of Harry Markowitz. In this context, 
although no optimal mathematical model for portfolio building existed, the foundations 
that led to the evolution of the Modern Portfolio Theory were there to allow the next 
step in the investment industry's evolution.       
1.1.2. Modern Portfolio Theory - Harry Markowitz. 
 
In 1952, the Journal of Finance featured a paper with the title “Portfolio 
Selection”, by economist Harry Markowitz. The man that was to become receiver of the 
1989 John von Neumann Theory Prize1 and the 1990 Nobel Memorial Prize in Economic 
Sciences2, presented to the world the Modern Portfolio Theory (hereby noted as MPT).  
                                                 
1 The John von Neumann Theory Prize presented by the Institute for Operations Research and the Management 
Sciences (INFORMS) is granted every year to a scholar with fundamental contributions in operations research and 
management sciences theory. (Source: informs.org) 
2 The Nobel Memorial Prize in Economic Sciences, frequently mentioned as the Nobel Prize in Economics, is an honors 
given to individuals who made great contributions in the economics’ field. It is regarded as the most reputable award 
in that field. (Source: wikipedia.org) 
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MPT has been an upgrade to the traditional investment models and a principal 
adnance in the mathematical financial modeling. The theory promoted asset 
diversification3 in order to hedge against systematic and firm specific risk. It was the first 
mathematical framework that allowed risk averse4 investors to construct optimal 
portfolios, aiming to maximize the expected return under a certain level of acceptable 
risk. MPT argues that there is a constant tradeoff between the two aforementioned 
factors, i.e. risk and return, and according to it, an investor is able to construct a set of 
optimal portfolios (the efficient frontier which will be further explained later) by 
cautiously selecting the proportions of various assets with different risks and returns 
(also called Portfolio Management Theory). Then, they could potentially pick the 
portfolio that will maximize their returns when a fixed level of risk is set, or vice versa, 
pick the one with the lowest inherent risk, given a desired level of expected return.  
Essential to MPT are the computation of the relation between risk and return 
under the supposition that, in assuming more risk, investors expect to receive a higher 
compensation. The theory puts emphasis in determining the statistical relationships 
between the assets that build up a portfolio and not in investigating the characteristics 
of each unique security (Edwin and Martins, 1997). In that manner, it departs from the 
traditional security study. 
The theory mathematically devises the concept of diversification in the 
investment procedure; the aim is to form a collection of securities that presents lower 
risk than the sum of weighted individual risks. The possibility of this may be reasonably 
understood as separate types of securities frequently exhibit value changes in reverse 
ways. However, diversification can lower the portfolio’s risk even if the individual returns 
are not negatively correlated, that is in the scenario of positive correlation ( 
Figure 1) (see Francis et al., 2013).  
In a technical manner, MPT assumes that an asset’s return is normally 
distributed, models risk as the standard deviation of the asset’s returns, and formulates 
                                                 
3 According to Gray & Harvey (1997) there are some common senses of diversification, i.e. 1. Diversification across 
industries, 2. Diversification across industry groups, 3. Diversification across geographical regions, 4. Diversification 
across economies and 5. Diversification across asset classes. 
4 A risk averse investor, when given the choice between two investment alternatives that have similar returns, will opt 
for the one bearing the lower risk. 
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a portfolio as a weighted combination of securities. In this process, the return of a 
portfolio comes out as the weighted combination of the included assets' returns. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The effect of Markowitz’s efficient diversification, with different levels of correlation, on a 2 asset 
portfolio (A and B). (Source: Francis et al.,2013) 
Before providing further explanation upon the MPT’s factors, let us briefly 
mention some of the theory’s main assumptions and limitations. 
Omisore et al. (2011) lay out the MPT’s assumptions. They also present 
arguments criticizing those assumptions in real market conditions. 
  Assumption 1. Existence of an Efficient Market: Share prices reflect all information, 
stocks are traded at fair value and it is not possible to produce returns above the market 
average. There has been literature in favor of the Efficient Market Hypothesis5 (EMH) 
(see Fama, 1976), and literature criticizing it as well (see Malkiel, 2003).    
  Assumption 2. Asset returns are random variables that follow a normal distribution: In 
reality, we have detected that equity returns, as well as returns in other markets, often 
deviate from this normality assumption. 
  Assumption 3. Correlations between securities are fixed and constant: In reality, 
correlations are based on the dynamic relations among the underlying assets and 
                                                 
5 The Efficient Market Hypothesis was defined by Eugene Fama in 1965. He supported that stocks are always traded 
at their fair price, thus rendering it not possible for an investor to buy an undervalued stock or sell a stock at an inflated 
price. Therefore it should not be possible to outperform the overall market by practising expert stock selection or 
market timing. Investors may only obtain higher returns by either purchasing riskier investments or by pure luck. 
(Source: wikipedia.org) 
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change accordingly, especially in the long term (Chan, 2011). Therefore, the 
assumption fails for instance in a financial crisis.  
  Assumption 4. All investors are risk averse and rational: This derives also from the EMH, 
yet nowadays it has been proven that the assumption does not stand (Behavioral 
Finance and biases) (see Shiller, 2003, Subrahmanyam, 2008, Singh, 2012) 
  Assumption 5. No taxes or transaction costs related to the investments made: In reality, 
engaging in an investment carries the aforementioned costs (e.g. broker fees) 
something that alters the form of the final portfolio. 
  Assumption 6. Investors lend and borrow at risk free rate with no limit: In reality, all 
investors have limits in their credit amount.  
 
Due to the assumptions’ limited application in markets, the authors also present 
the MPT’s main limitations. 
○ Limitation 1. The theory does not model the market: The MPT factors, i.e. risk, return 
and correlation are calculated based on historic values. Usually, these figures fail to 
take into consideration new circumstances and that is why an investor must be able to 
adjust the model and maintain some flexibility (Porto & Xiao, 2016 and Resnik, 2010). 
○ Limitation 2. MPT does not take into consideration personal, environmental, strategic 
or social aspects of the investment choices: The theory’s only goal is the maximization 
of risk-adjusted returns. It does not consider other consequences like information 
asymmetry and externalities, and also rewards fraud and dishonest behavior.   
○ Limitation 3. MPT does not perceive its consequences on the assets’ values: In favor 
of diversification, the portfolio manager is forced to invest without analyzing an asset’s 
fundamentals, but for the sole reason of idiosyncratic risk’s elimination (see Chandra, 
2003). This results in a more expensive portfolio with little intrinsic value.  
 
1.1.3. Concepts of risk and return (in MPT context). 
 
In the following sections, we further analyse the key elements of the MPT and 
provide the formulas that will be equipped in the application’s construction:  
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• Returns are the dominant factor and leading reward in every investment 
procedure. They can be interpreted in the context of realised returns, i.e. returns that 
have been earned, and expected returns, i.e. returns that investors expect to earn from 
their investment over some period in the future. Thus, the expected return is the 
predicted or estimated return that might or might not materialize (Omisore et al., 2011). 
On the other hand, realized returns, as the name suggests, belong in the past and allow 
investors to employ them in order to calculate future cash inflows. These cash inflows 
may be in the form of dividends, bonuses, interest etc.. The returns can be computed as 
the total gains or losses during a given time period and can be conveyed as a percentage 
return on the original investment amount. In the context of the investment industry and 
equity shares, returns represent the dividends and capital gains or losses that have 
occurred at the time the shares are sold. 
The calculation of the securities’ returns is crucial for the purpose of this thesis. 
In order to utilize the historical stock prices’ data as our application’s input, the author 
will calculate returns as the logarithmic differences of the closing prices of each asset 
between two periods (see Section 2.2.).  
The formula for the calculation of a portfolio’s expected return, as proposed by 
Harry Markowitz, which is going to be employed is the following: 
 𝛦൫𝑅௣൯ = ∑ 𝑤௜𝐸(𝑅௜)௜                                                                                                        (1) 
where:  𝑅௣ is the portfolio return 
 𝑤௜ is the weighting of component asset i 
     𝑅௜ is the return on asset i 
 
• Risk, in the context of investment analysis, can be described as the 
unpredictability of an investment’s future returns. It represents the probability that the 
actual return of an investment, as calculated by its holder, might differ from its expected 
value.  The most relevant and popular definition for risk was made by Holton & Glyn 
(2004). He states that risk is “the exposure to a proposition of which one is uncertain”. 
Ross & Stephen (2008) define risk as the unforeseen part of return, the outcome of 
surprises which cannot be ignored from an investment. Risk might be overall considered 
as the probability of variation in the returns. Investments with a greater chance of 
variations in their returns are considered riskier than those with lower chances.  
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Risk must not be misconceived for uncertainty; risk is defined as a state where 
the possibility of an event occurring or not can be quantified and measured. Uncertainty 
on the other hand, is a condition where we cannot measure this probability (Omisore et 
al., 2011). Knowing the likelihood or the distribution of a number of outcomes, we are 
aware that we are addressing risks. Contrarily, uncertainty is regarded as the “unknown 
unknowns” (Conerly, 2013). In the same sense, Stott (2012) defines risk as the “known 
unknowns”. 
In the investment process, investors will confront two kinds of risk, i.e. the 
systematic or market risk, and the unsystematic or idiosyncratic risk. Idiosyncratic risk 
regards a unique firm or an industry. This risk is associated with unpredictable incidents 
that do not influence the whole market (see Gup & Benton, 1977). It can be reduced 
through diversification as we exhibit in Figure 2. This follows the introduction of more 
securities in a portfolio, the lower correlation they exhibit, the better diversification will 
be achieved. The effect will increase as the investor includes more assets, and a proper 
strategy can almost eliminate unsystematic risk. Lintner (1969) shows that incorporating 
risky assets that have negative correlation with other assets in a portfolio can add value. 
The remaining risk is the systematic component. It is a macroeconomic risk factor that 
affects the market as a total (Bodie et al., 2013). It influences all firms regardless of their 
business and cannot be mitigated through diversification (Brigham et al., 2007). A more 
analytic view inside the components of the two risk types can be seen in Figure 3. 
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Figure 2. Diversification on idiosyncratic risk by adding shares in a portfolio (in MPT). (Source: Notes of 
Prof. Catherine Kyrtsou for the course of Asset Management in the MSc in Banking and Finance, 
International Hellenic University, 2018-19). 
 
Figure 3. Types of financial risk (Source: Gaurav Akrani, 2012) 
 
The formula for the calculation of a portfolio’s risk, as proposed by Harry 
Markowitz, is the following: 
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               𝜎௣ୀඥ∑ ∑ 𝑤௜𝑤௝௝௜ 𝜎௜𝜎௝𝜌௜௝       6                                                                                                       (2) 
where:  𝜎௣ is the portfolio return volatility (standard deviation) 
  𝑤௜,௝ is the weighting of component asset i,j 
   𝜎௜,௝ is the return volatility of asset i,j 
 ρij    is the correlation coefficient between the returns on assets i and j (ρij =1 for 
i=j) 
 
In the Financial Economic Theory, risk and return manifest a positive relationship. 
The higher risk we assume, the greater the realized return may be and vice versa (Hull, 
2012). Generally, assets with higher expected returns are more risky (see Taleb, 2007).  
 
1.1.4. The efficient frontier, capital market line and tangency portfolio. 
 
By combining the principles of the aforementioned risk and return relationship 
with the notion of correlation, Harry Markowitz (1959) constructed a mathematical 
model that creates a total of theoretically ideal portfolios. That is, a batch of optimal 
portfolios that secure either the highest expected return for a specified risk level, or the 
lowest risk for a specified expected return (see Reilly et al., 2003) (naturally, the targeted 
expected return cannot surpass that of the highest rewarding included asset, unless 
negative holdings of securities are available). This idea comprises the “heart” of MPT; 
identifying the optimal relation between risk and return by constructing portfolios of 
assets while considering their unique traits, i.e. their risks, returns and correlations 
among them. The above theoretically best portfolio is called an efficient one. Other 
portfolios might not produce greater returns under the same risk (Markowitz, 1959). The 
curve that presents all efficient portfolios in a risk-return framework is called the efficient 
frontier (Figure 4). 
The efficient frontier is a graphical representation of portfolios that maximize 
returns for a set of inherent risk. Returns depend on the investment combinations that 
                                                 
6 The risk of a two-asset portfolio (A and B) according to the Markowitz model can be measured by: 
𝜎௣ୀඥ𝜎௮ଶ𝑤஺ଶ +  𝜎஻ଶ𝑤௯ଶ + 2𝑤஺𝑤஻𝜎஺𝜎௯𝜌௮௯  
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are incorporated in a portfolio and the standard deviation of a security, as seen in 1.3., 
represents the risk. Any portfolio that falls below the curve is called an inefficient one.  
 
Figure 4. MPT efficient frontier. (Source: investopedia.org) 
 
 Figure 5. Efficient frontier for a 2-asset portfolio. (Kienzle & Andersson, 2008) 
 
A rational investor will never opt for an inefficient portfolio, since they have the 
opportunity to achieve greater returns for the same risk amount should they pick a 
portfolio that lies on the frontier. 
A key finding here is the advantage of the diversification resulting from the 
curvature of the efficient frontier (see Figure 5). The curvature is vital in showing how 
diversification ameliorates a portfolio's risk / reward profile. It also portrays the 
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diminishing marginal return to risk. It is obvious that the relationship is not linear. In this 
sense, if an investor adds more risk to a portfolio, they will not enjoy an equal gain in the 
amount of return. Concluding, the efficient portfolios that comprise the frontier are 
prone to have a greater diversification level in comparison to the sub-optimal ones, 
which are ordinarily less diversified. 
 
 Kicking off from the efficient frontier that only includes risky assets, an investor 
may also add riskless securities (e.g. US Treasury bill) in their portfolio. The Capital 
Market Line (see Figure 6) illustrates the group of optimal portfolios that include a risk 
free asset on top of risky ones, and is depicted in the form of a line. The line begins at 
the risk free rate of return at the y-axis, since the riskless asset bears no volatility. It is 
obvious that the capital market line is upwards inclined; the higher the σp, the greater 
the portfolio’s expected return.  
Figure 6. The efficient frontier with a risk free investment. (Hull, 2012) 
The line is tangent to the efficient frontier’s arc. Investors are able to illustrate 
CML by using the following formula:  
              𝐸൫𝑅௣൯ = 𝑅௙ +  
ா(ோಾ)ି ோ೑
ఙಾ
 𝜎௣                                                                                       (3) 
where: 𝑅௣ is the portfolio return 
             𝑅ெ is the market return 
             𝑅௙ is the return of the risk free asset 
             𝜎௣ is the portfolio return volatility (standard deviation) 
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             𝜎ெ is the market return volatility (standard deviation) 
 
The possibility of investing in riskless assets further widens the range of 
opportunities (Pike et al., 2009). Not only does the number of included securities rise, 
but also, investors can now borrow (in the area above M, see Figure 6) or lend at risk 
free rate (in the area below M, see Figure 6). 
Since the capital market line is superior to the efficient frontier, as it exploits the 
benefits of risk free assets, from here on it represents all the efficient compositions and 
therefore, every optimal portfolio should lie on it. The intersection between the efficient 
frontier and capital market line is called the tangency portfolio and represents the best 
combination of assets. When all investors have homogenous expectations, this 
intersection stands for the efficient portfolio and equals to the market portfolio (Berk et 
al., 2011) (see point M in Figure 6). Under the MPT assumptions of mean-variance 
analysis, all investors should select portfolios that are located on the CML. 
Individual investors may choose to hold either the risk free security alone, or a 
mixture including the risk free security and market portfolio. That depends on their risk 
appetite. As an investor moves up the CML, the overall portfolio risk and return 
increases. Therefore, investors that are risk averse will opt for portfolios closer to the risk 
free security, favoring a lower variance to higher returns. Less risk averse investors or 
risk seekers will pick portfolios higher up on the CML that present a higher expected 
return, but with a higher underlying risk as well. 
 
1.1.5. Portfolio performance evaluation. 
 
Having defined the basic elements of the portfolio building procedure, the 
following section concerns the evaluation of a portfolio’s performance. The portfolio 
performance evaluation primarily defines how an investor’s portfolio has performed in 
relation to a benchmark. The process indicates the extent to which the said portfolio has 
outperformed, underperformed or equally performed compared to the benchmark. 
A portfolio’s evaluation is of great importance for many reasons. It is evident that 
the investor, who has allocated their funds, will need to be aware of the relative 
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performance of their investment. Therefore, the performance assessment ought to 
create information that will aid them to evaluate any need for a portfolio restructure. 
Moreover, the fund’s management will analyse this information and assess the 
performance of the portfolio’s manager (in many cases this helps determine the 
manager’s compensation, bonuses etc.).  
The evaluation methods are generally separated into two groups, the 
conventional methods and the risk-adjusted ones. Benchmark and style comparison are 
among the most popular conventional methods. Risk-adjusted methods follow a 
different notion by adjusting returns so as to consider differences in the risk level 
between the portfolio under scrutiny and the benchmark one. In most occasions, risk-
adjusted methods are chosen over the conventional. 
Next, the most notable practices will be described: 
Conventional Methods:  
• Benchmark Comparison: It is the most straightforward method in this category and 
requires the investment portfolio’s comparison to a broader market index (the most 
commonly used in the US is the S&P 500 index). Should the portfolio’s return exceed 
that of the benchmark (both are measured during the same time period), it is considered 
to have a better performance and vice versa. Problems in information interpretation 
arise when the two portfolios bear different levels of risk. 
 
• Style Comparison: It involves the comparison of the portfolio’s returns with one that 
has a similar investment style. There are many investment styles, yet one widely used 
notion is to separate them as value versus growth7 (see Chan et al., 2004, Cronqvist et 
al., 2015). Once again, there is the issue of dissimilar underlying risks.  
 
Risk-adjusted Methods:  
                                                 
7 Value investing is choosing stocks that are, at the moment, trading below their true value and will 
consequently produce a superior return (commonly involves mature, established industries). On the other 
hand, investing in growth stocks is about picking stocks that are expected to outperform the market due 
to their high potential (mostly the case for small cap technology companies) 
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○ The Sharpe ratio was developed by the Nobelist William F. Sharpe8 in 1966. The ratio 
is one of the most commonly used in portfolio evaluation and calculates the risk 
premium of a portfolio per unit of total portfolio risk (where risk premium consider the 
excess return of the investment portfolio over the riskless rate of interest). 
 The ratio is calculated by the following formula: 
               𝑆 = (𝑟௣ − 𝑟௙) 𝜎௣⁄                                                                                                            (4) 
where: 𝑟௣ is the portfolio return 
             𝑟௙ is the return of the risk free asset 
             𝜎௣ is the portfolio return volatility (standard deviation) 
 
 As derived from the equation, the numerator describes the investor's reward for 
investing in a risky portfolio, and the denominator captures the portfolio returns' 
variability. In this sense, the ratio is also called the “reward-to-variability” ratio. 
 If we accept that volatility equals risk, as is a reasonable assumption in many 
cases, then according to MPT, further diversifying one's portfolio shall result in a higher 
ratio. We may then compare an investment portfolio’s Sharpe ratio with that of a 
benchmark one (for instance the overall market portfolio), in order to make performance 
deductions. The higher the ratio, the better the risk-adjusted performance of one's 
portfolio. 
 Depending on the values an investor incorporates, both past and expected 
performance may be rated. The ratio also aids in explaining whether the portfolio's 
returns are due to smart choices or assumption of high risk. 
 Limitations of the measure include assumption of returns' normality (financial 
markets display a large number of price spikes or drops and deviate from normal 
behavior) (see Bernardo et al., 2000) and the fact that it can be manipulated by adjusting 
the period under scrutiny (calculating volatility for a longer period often results in lower 
values) (see Spurgin & Richard, 2001). 
 
                                                 
8 William Forsyth Sharpe (born June 16, 1934) is an American economist and Finance professor. He won 
the Nobel Memorial Prize in Economic Sciences in 1990. (Source: wikipedia.org) 
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○ The Sortino ratio was named after Frank A. Sortino (Sortino et al., 1994) and is a 
variation on the Sharpe ratio. The measure tackles the issue of using total risk as a 
measure of volatility, as it takes into consideration only downside deviation9 (Rollinger & 
Hoffman, 2013). In that manner, it provides a more accurate approach since most 
investors seek and welcome positive volatility. 
 Based on Sharpe, the ratio is calculated by the following formula: 
              𝑆 = (𝑟௣ − 𝑟௙) 𝜎ௗ⁄                                                                                                            (5) 
where: 𝑟௣ is the portfolio return 
             𝑟௙ is the return of the risk free asset 
             𝜎ௗ is the portfolio standard deviation of downside risk 
 
○ The Treynor ratio (Treynor, 1965) calculates risk premium per unit of market risk. It 
differentiates from Sharpe ratio in that it uses not the total portfolio risk, but only the 
systematic (non diversifiable) as the risk parameter. The ratio formula includes the 
“beta”10 parameter, which is a measure of the portfolio’s returns’ tendency to change in 
accordance to changes in the market. The argument here is that an investor must be 
compensated for the portfolio’s intrinsic risk that is impossible to diversify. 
 The ratio is calculated by the following formula: 
               𝑇 = (𝑟௣ − 𝑟௙) 𝛽௣⁄                                                                                                            (6) 
where: 𝑟௣ is the portfolio return 
             𝑟௙ is the return of the risk free asset 
             𝛽௣ is the portfolio’s beta parameter 
 
 Limitations of the measure include its backward looking character and its high 
dependence on the proper selection of the benchmark for the beta calculation. 
 
                                                 
9 Downside deviation measures downside risk that focuses on returns that go below a minimum limit or 
minimum acceptable return by an investor. 
10 A beta coefficient measures the systematic risk of an individual asset in relation to the unsystematic 
risk of the overall market. An asset’s i beta is calculated as follows: Beta coefficient (β) = Covariance (ri,rM) 
/ Variance (rM). A beta value of less than 1 means the asset is less volatile than the market, and will 
therefore be in our benefit to include it in the portfolio, as it will lower its risk. Inversely, a beta value of 
greater than 1 suggests the asset is more volatile in theory than the market. Finally, a value of 1 indicates 
that the asset is strongly correlated with the market. 
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○ Jensen’s alpha ratio (Jensen, 1968) is based on the Capital Asset Pricing Model 
(CAPM)11 (Sharpe, 1964, Lintner, 1965, Mossin, 1966). The alpha in the following formula 
measures how much a portfolio’s average return deviates from the expected return that 
derives from CAPM. It can take values greater than, less than, or equal to zero. An alpha 
ratio that is greater than zero implies that the portfolio produced returns in excess of 
what was expected. 
 The ratio is calculated by the following formula: 
             𝐴𝑙𝑝ℎ𝑎 =  𝑟௣ − (𝑟௙ + 𝛽௣൫𝑟ெ − 𝑟௙൯)                                                                                                   (7) 
where: 𝑟௣ is the portfolio return 
             𝑟௙ is the return of the risk free asset 
             𝛽௣ is the portfolio’s beta parameter 
             𝑟ெ is the overall market return 
 
○ The Modigliani-Modigliani (M2) measure (Modigliani & Modigliani, 1997) uses an 
adjusted portfolio return in order to evaluate its performance. The adjusted investment 
portfolio includes the managed portfolio and risk free asset. The adjustment’s goal is 
that the final portfolio presents the same total risk as the market one.   
The equations used to shape the adjusted portfolio are: 
              𝑤௥௣ =  
ఙಾ
ఙು
 
              𝑤௥௙ = 1 −  𝑤௥௣ 
where: 𝑤௥௣ is the weight of the managed portfolio 
              𝑤௥௙ is the weight of the risk free asset 
Then the risk and return of the adjusted portfolio are calculated as follows: 
              𝜎௣∗ =  𝑤௥௣ 𝑥 𝜎௣ ( = 
ఙಾ
ఙು
 𝑥 𝜎௣ =  𝜎ெ ) 
              𝑟௣∗ =  𝑤௥௙ 𝑥 𝑟௙ +  𝑤௥௣ 𝑥 𝑟௣  
 
 The M2 measure is then calculated by the following formula: 
                                                 
11 The Capital Asset Pricing Model (CAPM) explains the relation between systematic risk and expected 
return for securities, in particular stocks. (Source: investopedia.org) The formula for an investment i is: Eri 
= rf + βi (ErM - rf). The expected return calculated by the formula is employed to discount expected 
dividends and capital appreciation of the investor’s asset. 
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               𝑀ଶ =  𝑟௣∗ −  𝑟ெ                                                                                                           (8) 
 
The adjusted return may now be measured against that of the market portfolio.  
The measure indicates the excess return over the benchmark portfolio. In this sense, M2 
is considered more meaningful than the Sharpe ratio and can be easier interpreted. 
 
After the establishment of the underlying theory on the process of portfolio 
building and evaluation, the next section will begin approaching the dissertation’s topic 
in the context of the assets we want to include in our portfolio, which is commodity 
futures. 
1.2. Derivatives Theory. 
 
In this section we make an introduction to the derivatives, futures and 
commodity markets. We elaborate on their importance in the modern financial world, 
mention some historical moments in their evolution and mechanics, as well as some 
figures that indicate their size and popularity. 
 
1.2.1. Derivatives Markets. 
 
Derivatives are a type of financial security whose value is dependent upon or 
derived from an underlying asset or group of assets—a benchmark, but which does not 
require any investment of principal in those assets (BIS, 1995). The security is a contract 
between two or more parties, with the derivative obtaining its price from fluctuations in 
the price of the underlying asset. There are three criteria that help in the classification 
of derivatives products and these are: 
- The type of derivative and the marketplace where they are traded: Derivatives 
may be traded bilaterally or multilaterally over the counter (OTC) or multilaterally on 
organized exchanges. OTC contracts are customized contracts that offer a wide variety 
of options on contract sizes, margin amounts, maturity dates etc. They constitute around 
85% of the overall market in terms of notional amount outstanding. However, they pose 
a greater counter party risk, in contrast to exchange-traded derivatives that are fully 
standardized and heavily regulated. 
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- The type of underlying asset: Underlying assets can be financial instruments 
(e.g. stocks, bonds), physical assets (e.g. commodities) or practically any other risk that 
can be quantified. The most common underlying securities include bonds and interest 
rates, followed by foreign exchange, credit, commodities and others. Exotic derivatives 
may even use weather as the underlying asset (others include freight rates, economic 
indicators etc). 
- The type of product: The three main categories of derivatives include forwards/ 
futures, options and swaps. Their difference lies in the form of their dependence on the 
price of the underlying asset. Of course, there are more available products that combine 
characteristics from the aforementioned trio, or exhibit other more complex 
relationships. 
 
Derivatives are known since ancient times. A farmer in Mesopotamia who had 
mortgage on their property and was required to pay annual interest in the form of grain, 
had the right to skip their due payment in the event of a crop failure (today this could be 
classified as a put option). In ancient Greece, derivatives products can be traced back in 
“Aristotle’s Politics” with the case of Thales, a philosopher and mathematician (625-550 
BC), who used a primitive form of a call option. In the Middle Ages, an example of 
derivatives is a form of commanda, that was something of a commercial partnership 
contract used by Italian merchants in the 10th century. One partner had to put up the 
money, while the other traveled on the venture. Some of these contracts could be 
regarded today as commodity forward contracts. During the 16th century in Antwerp, 
contracts for future delivery that were related to, among others, quality at delivery, were 
structured like modern options and were widely used. Later, in England of the 18th 
century, the South Sea Company was issuing call options named “refusals” to 
accommodate the purchase of their new shares (see Kummer et al., 2012). In 1848, the 
first derivatives exchange was created in Chicago, US, the Chicago Board of Trade (CBOT). 
CBOT merged with the Chicago Mercantile Exchange in 2007 and formed the CME Group, 
which remains until today the largest derivatives market globally. However, it was not 
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until after 1999, when the Glass-Steagall Act12 was repealed, that an explosive growth 
in derivative contracts was witnessed.  
In recent days, the financial world has dramatically changed, with free trade, 
globalization and electronic transactions totally reforming the markets in recent 
decades. Many changes have also occurred in the derivatives markets and conditions 
now are quite unlike those back in 1970. Derivatives markets now, have a vital 
contribution in many elements of an economy. With a wide collection of structured and 
diverse products like futures, forwards, options, swaps and exotics, they play a key role 
in our modern financial system.  
An efficient derivatives market today, is an indispensable tool that aids in the risk 
management process (see Hammoudeh & McAleer, 2013, Chen et al., 2016, Tanha & 
Dempsey, 2017) and covers many investment purposes. Derivatives today are being 
employed by more than 94% of the world’s largest firms (see Mayhew, 2000) and 
contribute to the enhancement of operational, information, price, valuation and 
allocation efficiency (Deutsche Börse White Paper, 2009). Derivatives products assist in 
lowering cost of capital and allow companies to successfully employ their assets and 
manage their investments. Meanwhile, individual investors, consumers and producers 
depend on derivatives markets for information about equilibrium prices and decision-
making. Other benefits include protection against risks with minimal upfront capital 
(hedging13) (see Allayannis & Ofek, 2001, Bartram et al., 2009), the possibility for 
investors to trade on future price expectations (thus enhancing valuation and allocation 
efficiency), low transaction costs and capacity for rapid innovation. Thus, despite 
occasionally making headlines for relating to huge losses incidents14, the use of 
derivatives promote the efficiency of resources’ distribution and result in economic 
growth (Sendeniz-Yuncu et al. 2018)15. 
                                                 
12 In 1933, following the stock market crash in 1929 and at a time of a nationwide commercial bank failure 
and the Great Depression, two Congress members signed the Glass-Steagall Act (GSA). GSA divided 
investment and commercial banking activities. It was repealed in 1999. (Source: investopedia.org) 
13 Hedging can be paralleled to taking out an insurance policy. It involves investing now in an asset, in 
order to reduce the risk of potential future adverse price movements in this asset  
14 Some well-known derivatives-related losses are: Procter & Gamble loss of $150 million in 1994, Barings 
Bank loss of $1.3 billion in 1995, “Amaranth” hedge fund’s loss of $6 billion in 2006, Societe Generale’s 
loss of $5 billion in 2008 and the recent financial crisis of 2007-2009. 
15 Rodrigues et al. (2012) studied the effect of institutionalized derivatives trading on economic growth 
and its volatility for 45 countries. Their findings suggest that economic growth is positively related with 
domestic derivatives trading, and that there is a significant relation between institutionalized derivatives 
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Concluding with some recent figures, as far as OTC contracts are concerned, their 
notional amount outstanding was $594.8 trillion (Figure 7) at the end of 2018’s first 
semester. From end-June to end-December 2018, that figure fell to $544 trillion, with 
the market value falling from $10.3 trillion (Figure 8) to $9.7 trillion led by declines in US 
dollar interest rate derivative contracts. The BIS research suggests three potential 
reasons that led to this declining gross market value, i.e. changes in central clearing 
regulations, greater possibilities for trade compression and a higher number of banks 
employing the settled-to-market (STM)16 approach. In Figure 9, we can also observe the 
notional and gross market value evolution of OTC derivatives for the period 20016-2018. 
Figure 7. Global OTC derivatives notional outstanding for the period: 31/12/2016 – 30/06/2018 (in US$ 
trillions). (Source: ISDA report, 2018) 
 
                                                 
and stability in economic growth. Bujari ert al. (2016) find a positive effect of the derivatives market on 
the economic growth of six major economies. Further literature upon the impact of derivative products 
on the financial environment can be found (Epstein & Gerald, 2005, Haiss et al., 2010 and others). 
16 Under the STM approach, daily payments of variation margin are recorded as settlements of the 
derivatives transactions and not as transfers of collateral. The market value of the derivatives is reset daily 
to zero. This contributes to lower market values for derivatives. (Source: ISDA report, 2018) 
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Figure 8. Gross market value of global OTC derivatives for the period: 31/12/2016 – 30/06/2018 (in US$ 
trillions). (Source: ISDA report, 2018) 
Figure 9. Outstanding OTC derivatives for the period 2006-2018. (Source: BIS report, 2018) 
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In the context of the exchange-traded derivatives transactions, there was a 
volume rise of 20.2% from 2017 to 2018, with the number of contracts hitting a new all-
time record of 30.28 billion settlements (statistics from FIA) (see Figure 10 for volume 
analysis by region and Figure 11 for analysis by product). This record high was primarily 
driven by transactions in Asia-Pacific and South America. Globally, the notional principal 
of exchange-traded futures reached $37.6 trillion in March 2019, while the respective 
amount for options was $68.28 trillion. It is notable that since the financial crisis of ’07, 
exchange-traded derivatives volumes have risen 71%. 
Figure 10. Total volumes of exchange traded derivatives contracts by region, for the period: 2005-2018. 
(Source: WFE IOMA Derivatives report, 2018) 
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Figure 11. Total volumes of exchange traded derivatives contracts by product, for the period: 2005-2018. 
(Source: WFE IOMA Derivatives report, 2018) 
 
Figure 12. Overview of the financial instruments universe. (Source: The Global Derivatives Market: A 
Blueprint for Market Safety and Integrity. Deutsche Börse Group White Paper) 
 Closing this section, in Figure 12 we can observe an overview of the financial 
instruments universe, which gives us a more precise idea of the OTC and on-exchange 
products that exist in today’s markets. 
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1.2.2. Futures Markets. 
 
As we mentioned earlier, futures were present long before exchanges emerged, 
with traces of these contracts going back to the times of Aristotle. In this section we are 
going to further elaborate on this type of derivative and present some current data 
regarding their performance and marketability. 
Many contemporary [19th century] critics were suspicious of a business form in 
which one man sold what he did not own to another who did not want it (Rothstein, 
1966). Proving them wrong, is today’s US futures market, where CME (the largest 
derivatives market) is having futures contracts being traded at a daily volume that 
exceeds 16 million. 
Futures (or futures contracts) are standardized contracts that are traded on 
organized exchanges (futures exchanges). They represent a legal agreement to buy or 
sell a commodity or financial instrument on a certain predefined date in the future 
(delivery date), at a predetermined price (future price). The contract's buyer (long 
position holder) is obliged to buy the asset at expiration date and the seller (short 
position holder) is required to provide it. The underlying asset may be a commodity, 
currency, interest rate etc.. In Figure 13 and Figure 14, we provide a futures volume 
analysis by product and by region respectively, for the period 2009-2018. 
The exchange provides standardization for the futures traded, that is contract 
sizes, delivery dates, minimum price changes etc.. It also guarantees that the contract 
will be honored by both parties, as every contract is centrally cleared. This means that 
when an investor buys or sells a futures contract, the exchange becomes the buyer to 
every seller and the seller to every buyer (cmegroup.com). In this sense, these 
derivatives products present minimum credit risk i.e. the risk associated with a buyer or 
seller going default. Furthermore, another advantage, in comparison to forwards, is the 
anonymity secured for market participants. Overall, the exchange connects confident 
buyers and sellers and thus enables easy entering and exiting the market, granting high 
liquidity and price discovery 17 (see Tse et al., 2006, Rosenberg & Traub, 2009). Today, 
                                                 
17 Other futures advantages include: low commission and execution fees, increased profitability and high 
credit leverage (there are brokers offering up to 1:250 ratio for intraday trading, i.e. having $1,000 in your 
account allows you to trade within a day, for an amount up to $250,000). 
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there are more than 90 futures and futures options18 exchanges worldwide, including 
the CME Group, Intercontinental Exchange, NYSE Euronext and Tokyo Stock Exchange. 
Figure 13. Total volumes of futures contracts by product, for the period: 2009-2018. 
Figure 14. Total volumes of futures contracts by region, for the period: 2009-2018. 
In order to initiate a futures transaction, both sides have to lodge an initial margin 
(a percentage of the contract's value), while at all times a minimum amount must be 
maintained in each account (maintenance margin). Futures are settled daily at the 
closing price (settlement price), with losses or gains piling up in the participants' margin 
accounts. For instance, if two parties agree on a futures contract of exchanging 1,000 lbs 
                                                 
18 An option on a futures contract bestows the buyer the right, but not the obligation, to buy or sell a  
futures contract at a strike price at, or before the expiration date. 
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of apples at $200 and at day end the same future has come to be traded at $190, the 
buyer will have a $10 reduction on their margin, while the seller will have a $10 increase.  
There are two categories of participants that engage in the futures markets and 
these are hedgers and speculators.  
Hedgers are individuals or firms that buy or sell the actual physical 
commodity.  This category typically includes producers, wholesalers, retailers or 
manufacturers that are most influenced by alterations in commodity prices, exchange 
rates, and interest rates. Changes to these factors may have a severe impact on their 
profitability, and that is why these participants try to minimize the effects by utilizing 
futures contracts. In contrast to speculators who assume market risk for profit (as we 
will see below), hedgers employ futures to manage and offset risk. A corn farmer for 
example, who is exposed to corn prices fluctuations, may hedge their position by selling 
a corn futures contract (at a predetermined price). In the scenario that corn prices fall in 
the future, the farmer will experience a loss when they sell their crops in the local 
market, yet, that loss will be offset by the trading gain in the futures market. Should 
prices rally at harvest, the farmer will face losses in the futures market, but they will be 
able to sell crops in the local market at a higher price. 
Speculators are primary participants in the futures market. This category includes 
individuals and firms that accept risk so that to make a profit. They can be individual 
traders, portfolio managers, proprietary trading firms, hedge funds or market makers. 
Speculators can be further categorized into position traders, day traders and swing 
traders19, with all these groups aiming to make profit by buying low and selling high. 
Speculators make bets on the price movements of the underlying assets and rarely keep 
the contracts until expiration (see Newbery, 2008). 
As implied above, there are two ways to close a futures contract. This can happen 
either by physically delivering and receiving the underlying asset at expiration date 
(deliverable futures), or by taking an opposite position for the same number of contracts 
(settlement futures). The latter does not envisage physical delivery and creates gains or 
losses depending on the price movements until the closing of the position. At present, 
                                                 
19 Day traders are speculators that buy and sell financial instruments within the same trading day, 
exploiting fluctuations in intraday prices. Swing traders hold a tradable asset for a period between one 
and several days, in an effort to profit from the price changes during that time (“swings”). 
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the percentage of contracts that result in physical delivery is around 1-3 %, indicating the 
high speculative nature of this market. 
Finishing with some of the latest figures available, single stock futures had 1.5 
billion contracts traded in 2018 (Figure 15) and remained the least actively traded equity 
derivatives product, consisting 10.7% of equity derivatives volumes. Equity index futures 
volumes were up 41.6% in 2018, being the fourth most actively traded equity derivatives 
product type, falling behind stock index options, single stock options and interest rates 
futures, and accounting for 24.8% of overall equity derivatives volumes. Interest rates 
futures increased by 15.58% from 2017, and exceeded the volume of 3.6 billion contracts 
in 2018 (Figure 16), being the most heavily traded future instrument.  Finally, currency 
futures contracts constituted 68.6% of total currency derivatives and were up by 29.2% 
in 2018, reaching 2.7 billion contracts (Figure 17).  
Figure 15. Total volume of single stock and stock index futures and options for the period: 2005-2018. 
(Source: WFE IOMA Derivatives report, 2018) 
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Figure 16.  Total volume of STIR and LTIR futures and options for the period: 2005-2018. (Source: WFE 
IOMA Derivatives report, 2018) 
 
 
Figure 17.  Total volume of currency futures and options for the period: 2005-2018. (Source: WFE IOMA 
Derivatives report, 2018) 
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1.2.3. Commodity Futures Markets. 
 
Closing on the derivatives section, we analyze the derivative product that we aim 
to incorporate in our portfolios, that is commodity futures.  
Commodities have always been seen as a separate and useful alternative asset 
class by investors (see Gorton & Rouwenhorst, 2006, Chong and Miffre, 2009, Buyuksahin 
et al., 2009). This is due to the unique features of this asset, which include equity-like 
returns, low correlations with traditional stocks and bonds (diversification benefits), and 
hedging properties against inflation . Commodities are real physical assets with a real 
value. They may be consumed or transferred and, in contrast to stocks and bonds, they 
do not result in a steady cash flow (Fabozzi et al., 2008). Due to these characteristics, 
commodities have attracted the attention of both individual and institutional investors 
over the years, however, recent literature argues that commodity advantages have 
decreased as a result of an increased correlation with equities after the 2007 crisis 
(Silvennoinen & Thorp, 2013, Buyuksahin & Robe, 2014). 
Commodities can be broken down in two main categories, i.e. soft and hard 
commodities, and sub categorized as seen in Figure 18. These groups are heterogeneous  
Figure 18. Commodities breakdown. (Source: Fabozzi et al., 2008) 
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in their characteristics (Belousova & Dorfleitner, 2012), but exhibit a homogeneous risk-
return pattern. Thus, commodities are certified as a discrete asset category in the 
context of a portfolio.  
In line with futures contracts' mechanics, a commodity future is an arrangement 
to buy or sell a fixed amount of a commodity at a predefined price and future date. They 
represent a bet on commodity prices and thus are expected to rise and fall with 
unexpected inflation (positive correlation). As explained in the previous section, 
commodity futures offer groups like producers or consumers the ability to hedge against 
unpredictable price changes, and most empirical studies have confirmed the hedging 
benefits of commodities and commodity futures (see Bekaert & Wang, 2010, Bruno & 
Chincarini, 2010, Beckmann & Czudaj, 2013). Speculators, in the world of commodities, 
do not handle the actual physical asset, but try to profit from these price changes by 
taking short or long positions. These participants bring liquidity and price discovery to 
the market, but they can also create price bubbles with negative results (see Haase et 
al., 2016, Andreasson et al., 2016).  
Apart from investing in a single commodity future, an investor may assume a 
more passive strategy and choose a commodity futures index. This provides a wide 
exposure to a number of commodity categories. The indices are constructed 
mechanically and may cover a large number of commodities or focus on a limited 
number of individual assets, enabling investors to opt for an index that has exposure to 
assets of their liking. The total return index is among the most popular indices (Erb & 
Harvey, 2006). There is also the possibility to pick an index that pursues a unique 
commodity, however the downside of such an approach is the higher potential risk and 
the lower level of diversification in the constructed portfolio (Fabozzi et al., 2008).  
Today, commodity futures markets are found all over the globe, with different 
markets specializing in different goods. Some examples include the Chicago Mercantile 
Exchange (CME) that trades among others in energy, precious and industrial metals and 
livestock futures, the Australian Stock Exchange (ASE) that trades in environmental and 
agriculture futures and the Tokyo Commodities Exchange (TOCOM) with transactions in 
energy, precious metals and rubber futures. 
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Commodity derivatives had a total of 5.9 billion contracts traded in 2018, while 
futures accounted for 5.64 billion of these contracts (see Figure 19). Futures saw their 
volumes increase by a marginal 0.3% from 2017, however they remained the most 
actively traded derivatives product and represented 18.8% of overall volumes. The three 
top commodity futures traded in 2018, regarding volume, were the Steel Rebar in the 
Shanghai Futures Exchange, the Crude Oil Brent futures in the Moscow Exchange and 
the Crude Oil futures in the CME Group, with their respective volumes being 531, 441 
and 307 million contracts (see Figure 20). 
Figure 19. Total volume of commodity futures and options for the period: 2005-2018. (Source: WFE 
IOMA Derivatives report, 2018) 
Figure 20. Top 10 commodity contracts traded in 2018. (Source: WFE IOMA Derivatives report, 2018) 
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1.3. Literature Review. 
 
In this section we present a relevant literature review that either supports the 
beneficial nature of commodity futures in the diversification of a portfolio, or questions 
it. 
1.3.1. Literature supporting the diversification benefits of commodity futures. 
 
There has been plenty literature that supports the commodity futures’ 
diversification benefits. 
 
Satyanarayan and Varangis (1996) provided one of the earliest researches that 
investigated the effects of incorporating commodities in a portfolio of emerging and 
developing markets’ equity. They reached the conclusion that even a small percentage 
of the exchange traded commodity index GSCI20 resulted in a beneficial diversification 
outcome. 
Anson (1999) has studied the stock, bond and commodity futures performance 
from 1974 to 1997 and concluded that high risk averse investors should place around 
20% of their investments in commodity products. 
Becker & Finnerty (2000) investigated the 1970-1990 period and deduced that 
the introduction of long commodity futures contracts in stock and bond portfolios 
enhances their risk and return performance   
Investigating the period 1973-1997 under the Markowitz optimization, Jensen et 
al. (2000) provided evidence on the effects of commodity futures in portfolios comprised 
of stocks, bonds, T-bills and real estate. They suggested that they provide diversification 
advantages, as well as enhanced returns. However, during times of expansive monetary 
policy, their efficient portfolio model allocated little to no weight in this derivative 
product. 
The role of commodity futures as effective diversifiers is also recognised by 
Georgiev (2001). His model included monthly data on the returns of a series of stocks, 
                                                 
20 The S&P GSCI (formerly the Goldman Sachs Commodity Index) is a composite index of commodities that 
measures the commodity market’s performance. It is a commodity equivalent of stock indices and a 
tradable index that is available in the Chicago Mercantile Exchange market. It includes 24 exchange-traded 
futures contracts  (Source: investopedia.org) 
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bonds, commodities and hedge funds’ indices for the period from January 1990 until 
December 2001. He concluded that investing directly in commodities may result in 
remarkable levels of portfolio diversification, well above what could be achieved from 
investments in bonds and commodity based stocks. 
Gorton and Rouwenhorst (2006) examined the attributes of commodity futures 
by constructing an index with identical weights for the time period between July 1959 
and December 2004. Their findings suggested that commodity futures brought about 
great returns at the cost of a proportionately low risk (computed by standard deviation), 
especially at short horizons (daily and monthly). 
Their findings come in line with those of Fabozzi et al. (2008) who investigated 
the long-term distribution of commodity futures and proposed that diversifying a stocks 
and bonds portfolio by including commodity futures proved especially effective, as their 
returns are negatively correlated during most time periods. 
Geman & Kharoubi (2008) documented that WTI crude oil futures offer 
important diversification opportunities to the S&P 500 index, by examining the period 
1990 to 2006. They used a copula representation21 and concluded that a distant maturity 
crude oil future led to excellent diversification in an equity portfolio. 
Geman (2009) also advises that trading in commodities produces high returns 
due to their diversification impact in a stock and bond portfolio. 
In 2011, Woodard et al. attempted to appraise the investment performance of 
various futures contracts. These were studied individually and in the context of a general 
index as well. The authors used the Goldman Sachs Commodity Index (GSCI) and nine 
single commodity products (crude oil, copper, gold, silver, corn, soybeans, wheat, lean 
hogs and live cattle). Each portfolio constructed, consisted of a commodity and the 
traditional stocks and bonds. They studied the time horizon of 1994-2006 and found that 
oil turned out to be the key commodity, contributing the greatest to the portfolio’s 
performance. Copper, cattle and silver long investments were shown to enhance the 
portfolios as well, yet to a lower extent in comparison to oil. The rest of the commodities 
were not included in the optimum portfolios. 
                                                 
21 In statistics, a copula is a multivariate cumulative distribution function for which the marginal 
probability distribution of every variable is uniform. Copulas are employed to define the dependence 
form among random variables.  
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Chan et al. (2011) investigated the relations between multiple asset groups in 
tranquil market conditions, and also in a regime characterized by crisis. They used the 
Markowitz framework to examine the correlation among financial securities (the 
S&P500 index and government bonds represented stocks and bonds respectively), 
commodities (gold and oil spot prices were employed) and real estate (the S&P Case–
Shiller Composite-10 home price index22 was equipped). The data included monthly 
returns and covered the period from 1987 to 2008. The results show that in a tranquil 
market environment, stocks, oil and real estate exhibit positive returns with low 
volatility. However, bonds and gold are found to outperform the rest of the assets in 
times of recession. 
Belousova & Dorfleitner (2012) studied the diversification contribution from the 
view of euro investors in the period 1995-2010. Their paper differed from the majority 
of studies until then, in the aspects of methodology and the employment of individual 
commodity products. They converted commodity prices from US dollar to Euro so as to 
remove the influence of exchange rates and studied the individual commodity futures 
as well as their dissimilar behavior in bull and bear markets23. Equipping statistical 
spanning tests, they found that diversification benefits still render commodities a 
valuable investment. 
In 2013, You & Daigler detected the diversification advantages of commodity 
futures by utilizing mean–variance and Sharpe optimization models. Their findings 
showed that the potential Value at Risk (VaR)24 losses are lower for portfolios including 
commodity futures, when the former are compared to otherwise traditional portfolios. 
Clare et al. (2014) built their study on historical trend observations and the 
momentum effect25 that considers commodity performance in the preceding period. The 
data included the 28 highest traded commodity futures for the period 1992 to 2011. 
They found further evidence confirming the heterogeneity of commodities that resulted 
                                                 
22 The S&P CoreLogic Case-Shiller 10-City Composite Home Price NSA Index measures the value changes 
of residential real estate in 10 metropolitan areas of the U.S.  
23 A bull market is the condition of a financial market in which prices are increasing or are expected to 
increase. On the opposite hand, a bear market is characterized by decreasing prices and a general feeling 
of pessimism by the market participants. 
24 VaR is a statistic that calculates the loss potential in the entity under scrutiny, as well as the probability 
of this defined loss occurring. 
25 Momentum effect refers to the rate of change on price movements for a specific security.  
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in inconsistent return patterns during times of crisis and upturns. Furthermore, 
significant findings suggested that commodity products like coffee and natural gas 
produced notably higher returns and volatility in comparison to the rest of the 
commodities, and so were given lower weights. Overall, adopting momentum and trend 
following combining strategies for individual commodity futures, was proven to result in 
portfolios with appealing risk adjusted returns. 
In India, Bansal et al. (2014) confirmed the beneficial properties of commodity 
futures in the risk-adjusted returns of an equity portfolio, which comes in line with the 
findings of Mishra (2008). 
Daskalaki et al. (2017) also proved the diversification benefits of commodities. 
They have done so by constructing and comparing a traditional asset portfolio with one 
augmented with commodities. They employed a stochastic dominance efficiency (SDE)26 
approach and evaluated their comparative performance. Their findings showed that 
commodities provided diversification advantages both in- and out-of-sample. 
Wen & Nguyen (2017) attempted to assess the diversification prospects of 
commodity futures for energy stocks, in the Chinese context, via various copula functions 
and three risk-based dynamic measures. They showed that although commodity futures 
appear not useful in boosting the risk-adjusted returns of energy stocks, they lead to 
substantially lower volatilities and expected-shortfalls in the diversified portfolios. Such 
advantages appear much larger in market downfalls than during normal conditions. 
Daigler et al. in 2017, investigated whether individual commodity futures 
contracts (rather than commodity indexes) in conjunction with the Markowitz 
optimization model would provide tangible out-of-sample benefits in relation to an 
equity portfolio, in spite of the increasing correlations of commodity futures with 
financial markets. The results supported the inclusion of futures contracts, as they 
successfully reduced risk and enhanced returns. 
Christoffersen et al. (2019), studied the post financialization period from January 
2004 to December 2013 and focused on fifteen commodities traded in Chicago and New 
                                                 
26 The SD approach is nonparametric in the sense that it uses criteria that do not impose explicit 
specification of an investor’s utility function, or restrictions on the function forms of probability/frequency 
distributions. It accounts for the entire probability distribution and employs some general conditions for 
an investor’s risk preferences (Kuosmanen, 2004).  
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York. By following a model free approach, they found the fear of heightened volatility in 
the commodity markets as a financialization outcome to be largely overblown at the 
time. They finally argue that commodities still have diversification benefits in equity 
market exposure. 
Closing, Gatfaoui (2019) used Gatfaoui’s (2016) time varying multivariate copula 
analysis and related variance regimes, and constructed portfolios including the S&P500 
index, natural gas and crude oil futures. He ultimately provided evidence about the 
diversification power of energy commodities in mid-cap stock portfolios. 
 
1.3.2. Literature questioning the diversification benefits of commodity futures. 
 
Contrarian views that question the advantages of commodity futures can also be 
found in literature. 
Erb & Harvey (2006), employing statistics from the period 1982-2004, questioned 
the long-term advantages of commodity allocation in portfolios and attributed the 
diversification power mainly to the rebalance of portfolios. 
The questionable diversification benefits of commodity futures are also 
reinforced by Cao et al. (2010) that investigated their potential advantages in a globally 
diversified portfolio. Their study equipped returns for the years 2003 to 2010 on a daily 
basis. They tested the efficient frontier both with and with no inclusion of commodity 
futures and found the diversification outcome to be arbitrary low. 
Cheung & Miu addressed the issues of commodity futures' diversification 
benefits in 2010. Their study examined the US and Canadian markets and included data 
covering the period from 1970 to 2005. They compared their findings between the two 
markets, and additionally analysed them individually, concluding that the diversification 
reward is statistically significant in the long run. However, it is based in the infrequent 
periods of outburst in the commodity market. These benefits decrease in a bearish 
market, that is, when US and Canadian investors are in most need of diversification. 
Daskalaki & Skiadopoulos (2011) in the same line, combining utility analysis with 
regression techniques, stated that commodity futures do not promote higher 
diversification levels in a portfolio, except during the commodity boom from 2005 to 
2008. Their investigation was on the US market and covered the years 1989–2009.  
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Silvennoinen & Thorp (2013) studied the development of the correlation 
coefficient between stocks, bonds and commodities from 1990 to 2009, and how this 
was affected during different time periods. Their findings argue that the correlation 
coefficient varies through time and that a number of commodity products present a 
stronger correlation with equity in times of crisis. Consequently, these cannot be 
considered a great diversifier in turbulent periods. 
 In 2013, Delatte & Lopez conducted an in-depth research on equity and 
commodity interdependence and identified stylized facts of both asset classes by 
utilizing copula approaches. That resulted in a stronger equity-commodity price 
comovement following the 2008 financial crisis. 
Büyüksahin & Robe (2014) empirically observed that the commodity and equity 
correlation rose after 2008. They did so by employing the Engle’s DCC model and 
concluded on the decreasing diversification advantages of commodity futures. 
Bessler & Wolff (2015) investigated the out-of-sample portfolio diversification 
advantages of various commodity classes and figured that energy, precious metals, and 
industrial metals helped improve the Sharpe ratio of portfolios comprised of stocks and 
bonds. Meanwhile, livestock and agricultural products displayed no benefits. Once again, 
they acknowledged the time-varying nature of the diversification benefits, and that 
those almost vanished during the global crisis.  
Berger & Uddin in 2016, provided a thorough examination of different 
dependence schemes between wavelet decomposed return series of stock indices, 
commodity futures including crude oil and volatility indices. They concluded in a strong 
long-run interdependence between S&P 500 and commodity futures returns that 
lowered the commodity diversification benefits. 
 Lombardi & Ravazzolo (2016) developed a time varying Bayesian Dynamic 
Conditional Correlation model and found that including commodities in an equity 
portfolio produced a substantially higher volatility.  
Finally, Bonato (2019) relied on the volatility model of Hansen et al. (2014) and 
argued that while investments in the commodity markets have diminished diversification 
advantages after the financial crisis, volatility transmission risk and hedging costs have 
risen. 
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CHAPTER 2: Empirical Application. 
 
2.1. Data. 
 
In the following section we will examine the diversification effects of 
incorporating commodity futures in our chosen portfolios. Firstly, we will elaborate on 
the selected data, then we will present the methodology followed and finally we will 
discuss our findings. 
 The data used in this application belong to the Dow Jones Industrial Average27 
(henceforth denoted as Dow) index. Dow is a large cap stock market index that measures 
the stock performance of 30 companies, listed and traded on US stock exchanges. In our 
study we have used the 29 companies that can be seen in Figure 21. Dow Inc. is not 
taken into consideration as it was added to the index on April 1st, 2019, after it was spun 
off of DowDuPont. 
3M The Home Depot  Pfizer 
American Express IBM The Travelers Companies 
Apple Inc. Intel UnitedHealth Group 
Boeing Johnson & Johnson United Technologies 
Caterpillar Inc. JPMorgan Chase Verizon 
Chevron Corporation Macdonald’s Visa Inc. 
Cisco Systems Merck&Co. Walgreens Boots Alliance 
The Coca Cola Company Microsoft Walmart 
ExxonMobil Nike The Walt Disney Company 
Goldman Sachs Procter & Gamble 
Figure 21. Since April 2, 2019, the Dow Jones Industrial Average has consisted of the listed companies 
(Dow Inc. excluded). 
 The data cover the time period from October 2009 to October 2019 on a monthly 
basis. The monthly closing prices were taken from the website finance.yahoo.com. We 
have also entailed the prices of the Dow’s average which will be used in statistical 
calculations, accumulating to a total of 3,630 observations (121 monthly prices x 29 
companies + Index average).  
                                                 
27 Dow was founded on February 16, 1885 as Dow Jones Average (DJA) by Charles Dow. It is the second 
oldest US market index with a market cap that exceeded $6.5 trillion at 2018 year’s end. 
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 As far as commodity futures are concerned, we have chosen two securities from 
the 10 top traded commodity contracts in the year 2018 (see Figure 20), i.e. 1. Crude Oil 
futures that are traded in the CME Group and 2. Natural Gas futures that are also traded 
in the CME Group. The aforementioned derivative products will be incorporated in our 
initially constructed stock portfolios as we will describe in the next section.  
The data for the closing prices cover the same time period (October 2009-
October 2019) and were downloaded from the website investing.com, accumulating to 
a total of 242 observations (121 monthly prices x 2 commodity futures).  
For the risk free rate that was employed in the calculation of the Sharpe and 
Treynor ratios, we got the annual 3month Tbill rates for the last decade 2009 to 2018 
from the website treasury.gov (see Figure 22). As we observed great variations in the 
prices during that period, we decided to get their average value. Since we work on 
monthly data, the average value was then divided by 12 to give 0,38 (average) / 12 = 
0,031298611 %. 
1/12009 0.15 % 
1/12010 0.14 % 
1/12011 0.05 % 
1/12012 0.09 % 
1/12013 0.06 % 
1/12014 0.03 % 
1/12015 0.05 % 
1/12016 0.32 % 
1/12017 0.93 % 
1/12018 1.94 % 
Figure 22. Annual 3 month Tbill rates for the period 2009-2018. (Source: treasury.gov) 
For this thesis’ purpose, we employed the Microsoft Office Excel software and 
particularly its Solver function, plus the statistical package of EViews.  
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2.2. Research Methodology. 
 
In this part we demonstrate the methodology used for this empirical study. The 
initial goal is to construct stock portfolios consisting of companies listed in the Dow 
index. We will analyze the steps we took towards this direction, and we will then 
describe the process for building the mixed portfolios. 
Firstly, we examine the 29 stocks’ performance individually. The logarithmic 
returns are calculated as follows:  
dl_i=log(i_adj_close)-log(i_adj_close(-1))                                                                   (9) 
where: dl_i = each individual stock’s monthly returns  
 i_adj_close = each individual stock’s monthly closing price 
 The same is done for the index average and the selected futures as well. 
Having estimated our stocks’ returns, we now have a full view of their statistical 
characteristics. The next step consists of constructing 3 pools of stocks obeying various 
characteristics in term of systematic risk. In order to do so, we assess the stocks’ betas 
and form a risky, neutral and low risk set of stocks as seen in Figure 23. The index 
variance was estimated as 0.1207%. 
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Figure 23. Constructed risky, neutral and low risk stock pools based on their beta values. 
 
 
 
 
 
 
 
 
 
Pool 1: Risky Stocks  
 Stock beta 
1. 3M 1.1869 
2. American Express 1.1522 
3. Boeing 1.2723 
4. Caterpillar Inc. 1.6169 
5. Chevron Corporation 1.1538 
6. Cisco Systems 1.2764 
7. Goldman Sachs 1.5166 
8. JPMorgan Chase 1.4504 
9. United Technologies 1.2135 
10. Walgreens Boots 
Alliance 1.1944 
Pool 2: Neutral Stocks  
 Stock beta 
1. Apple Inc. 0.9459 
2. ExxonMobil 1.0370 
3. The Home Depot  1.0238 
4. IBM 1.0089 
5. Intel 0.9824 
6. Microsoft 1.0627 
7. The Travelers Companies 0.9418 
8. The Walt Disney Company 1.0967 
Pool 3: Low risk Stocks  Stock beta 
 
 
1. The Coca Cola Company 0.5086 
2. Johnson & Johnson 0.6858 
3. Macdonald’s 0.4581 
4. Merck & Co. 0.4440 
5. Nike 0.8084 
6. Procter & Gamble 0.3669 
7. Pfizer 0.6817 
8. UnitedHealth Group 0.5906 
9. Verizon 0.4572 
10. Visa Inc. 0.8598 
11. Walmart 0.4912 
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 Figure 25. Neutral stocks correlation matrix. 
Figure 24. Risky stocks correlation matrix 
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The next step is to select the securities that will comprise each portfolio. This will 
be based on the stocks’ correlations among those listed in the same pool. We have used 
EViews to extract the correlation matrices, which are shown in Figure 24, Figure 25 and 
Figure 26. There were 4 stocks picked for each initial constructed portfolio, on the basis 
of the lowest average correlation exhibited towards the rest of their pools’ assets. In this 
manner we try to accomplish the highest level of diversification. The stocks included in 
each portfolio are presented in Figure 27. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
     
Neutral Initial Portfolio 
1. IBM 
2. Apple Inc. 
3. Intel 
4. The Travelers Companies 
Low risk Initial Portfolio 
1. Merck & Co. 
2. Procter & Gamble 
3. Nike 
4. UnitedHealth Group 
Figure 26. Low risk stocks correlation matrix. 
Figure 27. Initial stock portfolios. 
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Having chosen the stocks for each category portfolio, we move on to the Solver 
application in order to deduce the optimal weight allocation between our assets. We 
will come up with 3 stock portfolios, a risky, a neutral and a low risk one. 
In line with the MPT, the optimal portfolios’ composition, that is the portfolio 
allocation profile, is defined while minimizing the portfolios’ risk exposure (in our 
application that is aiming to minimize the standard deviation of each portfolio) over the 
investment horizon under scrutiny.  In the current thesis, the whole examined decade is 
dealt with as a single variance regime and GRG Nonlinear28 is chosen as the solving 
method. For the risk and return calculations, we use formulas 1 and 2 given in section 
1.1.3..  
We define wi the parts of wealth which are respectively invested in each security. 
As introduced by Markowitz, investors seek a mean-variance efficient portfolio. Under 
the given return targets set (constraint 1), that stand for the desired average portfolio 
performance in each scenario, the efficient portfolio’s risk, measured by its return 
standard deviation as previously mentioned, is minimized. Now, under the assumption 
that the investor will dedicate all of their wealth to the said portfolio, the sum of these 
weights will add up to unity (constraint 2). Therefore, the investor will need to solve the 
following optimization problem so as to determine the best-optimal portfolio’s 
allocation, subject to the performance constraints: 
min σp  
 s.t. : Rp =  r 
          Σwi =1  
where: Rp = Σ (wi * Ri) is the portfolio’s return including each of its respective 
assets’ weights and mean  returns product 
 r is the target average return 
                                                 
28 GRG Nonlinear as in Generalized Reduced Gradient is best suited for nonlinear problems and is the 
fastest and most easily comprehensible between the two nonlinear methods available in Solver (the other 
one is the Evolutionary method). One drawback of this approach is that the GRG method will most likely 
stop at a local optimum solution, nearest to the initial defined conditions, missing in this case the global 
optimum. 
 Page 51 of 83 
 
 σp is the standard deviation of the portfolio’s return. 
 The assets’ weights are positive and take values between 0 and 1 in the first 
phase of the portfolios’ constructing, since no short selling is allowed. The optimal 
portfolios’ weights for each risk category will be presented in the next section. After we 
find the optimum asset analogy, we build the portfolios, extract their descriptive 
statistics and provide their achieving returns, risks, betas, Sharpe and Treynor ratios. We 
will also present the efficient frontier for each final portfolio. 
  In the final step, we incorporate the chosen commodity products. Firstly, we 
construct mixed portfolios including stocks and crude oil futures in an attempt to 
examine what performance changes crude oil will bring. The best performing portfolio, 
on the basis of its achieved Sharpe ratio, from each of the 3 risk classes is selected and 
we rerun the previous optimization problem. In this case however, we allocate wealth 
parts to the initial portfolio and the newly introduced crude oil products. For instance, 
should our application result in a 50% allocation in our stock portfolio, this percentage 
will then be distributed among the included stocks, depending on what weight had been 
given to each of them in the stock portfolio’s construction process. The formula for the 
calculation of the risky, mixed with crude oil futures, portfolio’s return assumes this 
form:  
  Rp = wp * Rp +  wc * Rc                                                                                                                                                                                 (10) 
where:  wp and Rp are the weight allocated to the optimal risky initial portfolio and its 
corresponding return respectively, 
   wc  and  Rc are the weight allocated to the crude oil commodity and its 
corresponding   return respectively. 
Once again, we set return targets to achieve the lowest risk for each weight 
combination. The sum of weights again adds up to 1, however now, short selling29 is 
allowed to take advantage of the futures’ characteristics (negative returns). In this 
scenario negative weights can appear. The same process is followed for the neutral and 
                                                 
29 Short selling entails an investor borrowing at risk free rate and taking a short position on the said 
commodity futures. It is an investment strategy that speculates on the decrease of the security’s price. 
 Page 52 of 83 
 
low risk portfolio as well. The optimal mixed portfolios’ weights and the efficient frontier 
for each risk category will be displayed in the next section. 
Afterwards, we construct mixed portfolios including stocks and natural gas 
futures. Our efforts here go towards recognizing what this asset, that has recently 
presented lower returns than crude oil, yet a lower correlation with equity as well, will 
bring to the table. Again, we acquire the best performing initial portfolio from each of 
the 3 risk classes and run the optimization problem by allocating wealth parts to the 
stock portfolio and the natural gas products. The formula for the calculation of the risky, 
mixed with natural gas futures, portfolio’s return assumes this form:  
   Rp = wp * Rp +  wnt * Rnt                                                                                                                                                                                (11) 
where:  wp and Rp are the weight allocated to the optimal risky initial portfolio and its 
corresponding return respectively, 
    wnt  and  Rnt are the weight allocated to the crude oil commodity and its 
corresponding   return respectively. 
We define the return targets and aim to achieve the lowest risk possible for each 
weight combination. The return targets set in all the application’s cases begin at values 
below what the lowest-return included security may offer, and go above the maximum 
return that would be achieved if we were to invest all wealth in the highest rewarding 
asset of each portfolio. The sum of weights adding up to unity consists once more the 
second restraint here, and short selling is allowed to take advantage of the commodity’s 
characteristics. The optimal mixed portfolios’ weights for each risk class will be 
presented in the next section. 
In the final application stage, we encompass both commodity contracts in our 
stock portfolios, attempting to detect the diversification effects that the combination of 
these 2 chosen commodities, that exhibit a differentiated behavior towards equity, 
brings. Proceeding in the same context as in both previous cases, the final mixed 
portfolios’ return assumes the form: 
   Rp = wp * Rp +  wc * Rc +  wnt * Rnt                                                                                                                                                        (12) 
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where:  wp and Rp are the weight allocated to the optimal initial portfolio and its 
corresponding return in each risk class respectively, 
    wc  and  Rc are the weight allocated to the crude oil commodity and its 
corresponding   return respectively. 
    wnt and Rnt are the weight allocated to the natural gas commodity and its 
corresponding   return respectively. 
 In the last part of the next section, we will elaborate on the final mixed portfolios’ 
traits, and we will conclude with an overall portfolio analysis and comparison. Our goal 
is to identify the ideal product choice for each risk type investor. The correlation matrix 
used in the construction of the mixed portfolios can be seen in Figure 28. 
 
 
 
 
Figure 28. Initial stock portfolios’ and commodity futures’ correlation matrix. 
 
2.3. Empirical Results & Discussion. 
 
This section presents the empirical results regarding all the constructed optimal 
portfolios. We will present an analysis for each stock and mixed portfolio, followed by a 
comparison and a discussion on our findings. 
Regarding the initial stock portfolios, the findings for each risk class are given 
below. 
  
 
 
 
Figure 29. Risky stock portfolio results. 
Crude Oil futures Natural Gas futures
Initial Risky Portfolio 0,299369 0,066964
Initial Neutral Portfolio 0,329307 0,009424
Initial Low risk Portfolio 0,21531 0,114693
Crude Oil futures 0,09366
Risky optimal stock portfolio w1 w2 w3 w4 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Boeing (1) 0,81 0,00 0,01 0,18 5,7931 1,6000 1,2565 0,2708 1,2487
Cisco Systems (2)
Chevron Corporation (3)
Walgreens Boots Alliance (4)
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As we observe in Figure 29, Solver’s results suggest that in the risky portfolio 
scenario, wealth should be distributed between Boeing, Chevron and Walgreens, leaving 
Cisco out of the equation. Cisco has exhibited the highest average correlation with the 
rest of the risky selected stocks and Solver suggests that including this stock will bear no 
benefits to the investor. The highest weight given to Cisco Systems throughout all the 
target returns that were put as constraints was a mere 20%.  In this manner, a risk-
seeking investor looking for investing a capital of $1,000,000 should put $810,000 in 
Boeing, $10,000 in Chevron and $180,000 in Walgreens. We notice that the highest 
earning stock of Boeing, in our effort to achieve optimal portfolio performance, is 
assigned by far the highest wealth percentage. Chevron Corporation, with a second to 
last average return and correlation value, is on the other hand advised to invest a mere 
1% upon. 
This asset combination results in a 1.6% average return with a risk of ~5.8%. The 
portfolio’s beta is 1.2565, an expected outcome as we are talking about a risky 
composure. The Sharpe ratio of 0.2708 achieved, is above each individual security’s 
included, and the Treynor ratio is 1.2487. We remind here that Sharpe ratio reflects the 
portfolio’s performance taking into account its total risk, which is why it is chosen as the 
selection criterion, while Treynor shows the performance on the basis of systematic risk. 
 
Figure 30. Risky stock portfolio efficient frontier. 
Optimal portfolio return → 
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In Figure 30, we can see the efficient frontier for the risky stock portfolio. The 
bottom right point depicts the deposition of all wealth in Walgreens, while the top right 
point depicts 100% investment in Boeing. Cisco is given a wealth percentage up to the 
point where our portfolio achieves a 1.4% return, and Chevron is lastly included in the 
optimal portfolio, after which it is given a 0% of investment capital as well. Walgreens’ 
low correlations with the rest of the assets secure its inclusion in our final choice. As we 
can see in the first two steps of the frontier, the incorporation of multiple assets results 
in a large fall of the portfolio’s risk, which smooths out later on. 
Figure 31. Neutral stock portfolio results. 
The findings above concern the neutral stock portfolio. As we observe in Figure 
31, Solver’s results suggest that wealth should be distributed between Apple, Intel and 
the Travelers Co., leaving IBM out of the equation. IBM provides the lowest average 
return in this risk pool, prohibiting its stock from being part of the chosen portfolio, while 
Apple Inc. and the Travelers Company, with the lowest average correlation prices, 
constitute 90% of it. In this case, a risk-neutral investor should break down a capital of 
$1,000,000 by investing $510,000 in Apple, $110,000 in Intel and $390,000 in Travelers 
Co. 
This asset combination results in a 1.5% average return with a risk of ~4.5%, a 
value lower than the one found before, as we are now forming a neutral risk portfolio. 
The portfolio’s beta is 0.9575, an expected outcome once more. The Sharpe ratio of 
0.3064 achieved, is above each individual security’s included and 13% up from what 
could be achieved in the risky structure. The Treynor ratio is 1.5342. Both ratios are 
above those accomplished in the optimal risky portfolio. While comparisons between 
risk classes are of little sense, since investors will most likely stick to their risk appetite 
regardless of circumstances, it is worth noting that the portfolio performance is 
enhanced as we move to lower risk constructions, in all occasions.  
Neutral optimal stock portfolio w1 w2 w3 w4 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
IBM (1) 0,00 0.51 0.11 0.39 4,7939 1,5000 0,9575 0,3064 1,5342
Apple Inc. (2)
Intel (3)
The Travelers Company (4)
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Below, in Figure 32, we may see the efficient frontier for the neutral stock 
portfolio. The bottom right point represents deposition of all wealth in IBM, while the 
top right point depicts 100% investment in Apple, the company with the highest return 
outcome. IBM’s high comovement with the rest of the neutral class assets quickly cuts 
it out of the equation, while Apple and Travelers get the majority of the invested funds 
when we aim for returns above 1.1%. 
 
Figure 32. Neutral stock portfolio efficient frontier. 
Figure 33. Low risk stock portfolio results. 
 Closing with the construction of our stock portfolios, we present the results 
for the low risk class. As we realize from Figure 33, Solver suggests that a low risk investor 
should distribute their wealth among all participating assets, unlike in the two previous 
occasions. Therefore, a nominal capital of $1,000,000 shall be broken down by allocating 
$160,000 in Merck & Co., $170,000 in P&G, $240,000 in Nike and $430,000 in 
UnitedHealth. Nike’s and UnitedHealth Group’s high returns and low average 
Low risk optimal stock portfolio w1 w2 w3 w4 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Merck & Co (1) 0,16 0,17 0,24 0,43 3,0774 1,5000 0,5815 0,4773 2,5264
Procter &Gambler (2)
Nike (3)
UnitedHealth Group (4)
Optimal portfolio return → 
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correlations results in Solver appointing to them a 57% of invested wealth in the optimal 
case. P&G and Merck&Co exhibit similar return comovement behaviors towards the rest 
of the low risk class included assets and follow the same weight percentage allocation 
pattern, participating less in the portfolio as we aim for higher returns.   
 
 
Figure 34. Low risk stock portfolio efficient frontier. 
The aforementioned combination results in a 1.5% average return with a risk of 
~3.08%, the lowest price between the 3 stock portfolios. The portfolio’s beta is 0.5815, 
an expected outcome as we are talking about a low risk mix. The Sharpe ratio of 0.4773 
achieved, is well above each individual security’s included (highest increase from single 
assets’ performance in all 3 risk cases of stock portfolios), and the Treynor ratio is 
2.5264. Both ratios are the highest achieved among the stock portfolios, indicating that 
a low-risk investor has the opportunity to achieve the highest portfolio performance by 
investing in a stock mix that befits their risk appetite. 
In Figure 34, we exhibit the efficient frontier for the low risk stock portfolio. The 
bottom right point depicts the deposition of all wealth in P&G, while the top right point 
depicts 100% investment in UnitedHealth Group, which produces the highest return 
outcome. We see that after the optimum combination, a step up in the target returns 
results in an exponential risk increase. 
Optimal portfolio return → 
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In the next phase of the application, we present the results for the mixed stock 
portfolios that include crude oil futures. Beginning with the risky scenario, as displayed 
in Figure 35, Solver suggests that a risk loving investor should assume a short position in 
crude oil futures and go long on the risky stock portfolio. Therefore, an investment of 
$1,000,000 shall be employed by borrowing $390,000 in crude oil futures (at risk free 
rate), and investing the whole $1,390,000 in the risky portfolio. These $1,390,000 will 
be distributed among the included assets of the risky stock portfolio, as described in 
section 2.1..  
The combination results in a 2.3% average return with a risk of ~7.75%. The 
portfolio’s beta is 1.2797, an outcome slightly higher that what the risky stock portfolio 
brought. The Sharpe ratio is 0.2929 and the Treynor ratio reaches 1.7730. Both ratios 
exceed those achieved in the portfolio comprising solely of Dow Jones stocks, proving 
that including crude oil futures in a portfolio, aids a risky investor in reaching higher 
performance. The opportunity to get returns above what could be achieved if no short 
selling was allowed naturally comes at the price of an increased risk. 
Figure 35. Risky stock portfolio mixed with crude oil futures results. 
Below, in Figure 36, the efficient frontier for the risky stock and crude oil portfolio 
can be seen. The bottom right point depicts the deposition of all wealth in crude oil 
futures, which brings about a negative return. In this scenario, as short selling is allowed, 
we have the chance to achieve higher returns than what an individual portfolio 
component could offer. Therefore we may go well above 1.6% which is the return of the 
original stock portfolio. An investor aiming for returns above that value, must engage in 
a short selling procedure. Our optimal choice falls higher and on the right area of the 
frontier, as we borrow at risk free rate.  
Risky portfolio mixed with crude oil w1 w2 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial risky stock portfolio (1) 1,39 -0,39 7,7479 2,3000 1,2797 0,2929 1,7730
Crude oil futures (2)
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Figure 36. Risky stock portfolio mixed with Crude oil futures efficient frontier. 
 
Figure 37. Neutral stock portfolio mixed with crude oil futures results. 
Moving on, we present the results when we mix the neutral stock portfolio mixed 
with crude oil. As we understand from Figure 37, neutral investors should take again a 
short position in crude oil futures and go long on the neutral portfolio. In this case, 
investing a nominal capital of $1,000,000 should include borrowing $300,000 in crude 
oil futures and investing $1,300,000 in the neutral stock portfolio. These $1,300,000 will 
be distributed again among the included assets of the neutral stock portfolio. We quickly 
realize that as we move to lower risk combinations, the short selling amount is reduced. 
This is only natural since short selling is a risky process that should only be applied by 
professionals (speculators). 
The neutral combination results in a 2% average return and a risk of ~5.89%. 
Incorporating crude oil derivatives offers stock investors a 33% return increase here. It 
is worth noting that the portfolio’s beta is 0.8855, which is lower than the original equity 
portfolio. It means that this neutral risk construction presents a lower market 
Neutral portfolio mixed with crude oil w1 w2 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial neutral stock portfolio (1) 1,30 -0,30 5,8874 2,0000 0,8855 0,3344 2,2237
Crude oil futures (2)
Optimal portfolio return → 
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comovement in its returns. The Sharpe ratio is 0.3344 and the Treynor ratio is 2.2237. 
We realize that the performance of the neutral portfolio exceeds that of the risky one. 
 
Figure 38. Neutral stock portfolio mixed with Crude oil futures efficient frontier. 
In Figure 38, we see the efficient frontier for the neutral stock portfolio when it 
is mixed with crude oil futures. For the same target returns, the short selling amount in 
the commodity increases at a slower pace when compared to the high-risk instance. As 
mentioned before, this advises the neutral investor to restrict this practice. Looking back 
at the efficient frontier of the neutral stock portfolio, our optimal point here falls further 
up and to the right area of the curve, as a result of taking a short position.   
 
Figure 39. Low risk stock portfolio mixed with crude oil futures results. 
In the low risk category, we construct the final mix containing only stocks and 
crude oil products. As we can deduce from Figure 39, low risk investors are advised to 
take a short position in crude oil and go long on the low risk stock portfolio. In the same 
way as in the previous occasions, this happens in order to take advantage of the included 
commodity. Should a low risk investor seek to allocate $1,000,000 of their wealth, they 
Low risk portfolio mixed with crude oil w1 w2 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial low risk stock portfolio (1) 1,15 -0,15 3,4872 1,7500 0,4887 0,4929 3,5175
Crude oil futures (2)
Optimal portfolio return → 
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are advised to borrow an extra $150,000 in crude oil futures and invest the whole 
$1,150,000 in the equity portfolio. In this final crude oil mix, the optimal portfolio 
includes the lowest short selling position. 
The combination here results in a 1.75% average return with ~3.49% standard 
deviation and a beta value of 0.4887. The Sharpe ratio of 0.4929 and the Treynor ratio 
of 3.5175 are the highest achieved so far. Among all crude oil constructions, a low risk 
investor has the ability to reach the highest portfolio performance. The low risk stock 
and crude oil portfolio exhibits the lowest risk increase when we move from equity to 
the commodity inclusion as well. 
 
Figure 40. Low risk stock portfolio mixed with Crude oil futures efficient frontier. 
In Figure 40, the efficient frontier for this mixed portfolio can be seen. Compared 
to the previous 2 efficient frontiers, a low risk investor can drop their risk much quicker 
by adding more to the equity part of their portfolio. Also, the optimal portfolio choice 
involves the lowest exposure to the commodity product. A mere 15% is devoted to the 
short position in this risk class. 
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Our application’s next goal is to examine the outcome of incorporating natural 
gas futures in the initial equity portfolios. In the first place, we study the risky scenario. 
As can be comprehended from Figure 41, investors should, in this occasion, take a short 
position in the commodity and a long one in the stock portfolio. Should they choose to 
invest a capital of $1,000,000, they shall proceed by borrowing $190,000 in natural gas 
futures and investing $1,190,000 in the risky stock portfolio. The short position here is 
reduced by over 50% compared to the one assumed in crude oil. This can be attributed 
to the high risk of natural gas (σ=10.86%). This reduction in the commodity exposure 
results in a lower portfolio risk (7.04%) eventually. 
Compared to the crude oil mix, natural gas also brings a lower return (2%) and 
portfolio performance. The Sharpe ratio is 0.2794 and Treynor ratio reaches 1.3967. Still, 
the performance achieved is above what the equity portfolio could accomplish. The 
portfolio’s beta of 1.4098 is the highest among all risky combinations.  
 
Figure 41. Risky stock portfolio mixed with natural gas futures results. 
In Figure 42, we observe the efficient frontier for this portfolio. The bottom right 
point shows the allocation of all capital in the futures product, resulting in a negative 
return, while our optimal portfolio resides in the upper right curve area (borrowing area 
of the frontier). We begin further down in the negative return area than in the crude oil 
constructions, as 100% investment in natural gas futures results in a –5.26% return. 
 
 
 
 
 
 
 
 
Risky portfolio mixed with natural gas w1 w2 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial risky stock portfolio (1) 1,19 -0,19 7,0474 2,0000 1,4098 0,2794 1,3967
Crude oil futures (2)
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Figure 42. Risky stock portfolio mixed with Natural gas futures efficient frontier. 
Next, we lay out what ensues from inserting natural gas commodities in the 
neutral stock portfolio. In Figure 43 we present the optimal weight allocation between 
stocks and futures, as well as the formed portfolio’s characteristics. In this instance, 
investors are advised to go short on the natural gas products and long on the stock 
portfolio. A nominal capital of $1,000,000 should be allocated as follows: borrow 
$50,000 in natural gas futures and invest $1,050,000 in the neutral original portfolio. 
The exposure to the derivatives contracts is lower than that in the risky mix, and almost 
20% down from what was suggested for the risky crude oil formation. 
 
Figure 43. Neutral stock portfolio mixed with natural gas futures results. 
Moving to lower risk classes, as noticed in the previous case as well, we cut back 
on the amount invested in our short positions. The 1.6% return (see Figure 43) is only a 
marginal increase from the original stock portfolio, and well below what we achieved 
with the incorporation of crude oil. The performance ratios are lower than the crude oil 
composure (Sharpe ratio is 0.3105 and Treynor is 1.5972), yet we still observe an 
Neutral portfolio mixed with natural gas w1 w2 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial neutral stock portfolio (1) 1,05 -0,05 5,0539 1,6000 0,9824 0,3105 1,5972
Crude oil futures (2)
Optimal portfolio return → 
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improvement from what we achieved initially. The portfolio beta of 0.9824 presents a 
higher market comovement than both of the aforementioned neutral cases. 
 
Figure 44. Neutral stock portfolio mixed with Natural gas futures efficient frontier. 
The efficient frontier for this neutral portfolio may be observed in Figure 44. Our 
optimal point falls lower in the curve than before, since we now invest less in the short 
position. Furthermore, the short selling position increase is sluggish in comparison to 
the crude oil product neutral case. 
 
Figure 45. Low risk stock portfolio mixed with natural gas futures results. 
In the final case of natural gas derivatives, we form the low risk class mixed 
portfolio. As seen in Figure 45, investors are advised to follow the same investing process 
as in the neutral scenario, that is borrow $50,000 in natural gas and assume a long 
position in the low risk equity portfolio. This formation results in a 1.6% return, which is 
identical to what we achieved in the previous case. However, the risk of this structure 
(σ=3.21%) falls quite below that of the neutral risk structure. In addition, the portfolio 
performance, with a Sharpe ratio of 0.4884 and a Treynor ratio of 2.6679, is the best 
Low risk portfolio mixed with natural gas w1 w2 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial low risk stock portfolio (1) 1,05 -0,05 3,2122 1,6000 0,5881 0,4884 2,6679
Crude oil futures (2)
Optimal portfolio return → 
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one accomplished throughout the natural gas mix cases. Nonetheless, the low risk 
investor cannot surpass what they could achieve if they were to select the crude oil 
contract as an alternative asset to include in their respective stock portfolio. Finally, 
inserting natural gas futures leads to the highest market comovement than both the 
stock and the crude oil mix portfolios (beta = 0.5881). 
 
Figure 46. Low risk stock portfolio mixed with Natural gas futures efficient frontier. 
In Figure 46, we present the efficient frontier for the low risk portfolio. The 
optimal portfolio, as mentioned above, achieves a return of 1.6%. In the low risk efficient 
frontier we notice that, imposing the same target returns as before, we reach lower 
portfolio risk values and in a quicker manner as well. The risk of this portfolio mix falls 
between that of the original stock portfolio and the crude oil formation. 
 In the final stage of our application, we incorporate both derivative products in 
the original portfolios. Following the optimization model described in section 2.2., we 
attempt to identify whether the inclusion of both derivatives will lead to an improved 
portfolio performance. 
Optimal portfolio return → 
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Figure 47. Risky stock portfolio mixed with crude oil & natural gas futures results. 
Firstly, we construct the risky mix including stocks, crude oil and natural gas. In 
this instance we manage to reach the best overall outcome regarding returns and 
performance ratios in the high risk category (see Figure 47). The portfolio rewards the 
investors with an impressive 2.6% return, the highest return achieved in this application, 
while its Sharpe and Treynor ratios are 0.2993 and 1.8255 respectively. The risk of the 
portfolio (σ= 8.58%) is the highest among all initial and mixed portfolios as well. The beta 
value (beta = 1.4073) is close to the one presented in the natural gas product mix. An 
investor with a high risk appetite should, in this case, manage a nominal capital of 
$1,000,000 by borrowing $370,000 in crude oil futures, another $160,000 in natural gas 
futures, and investing the sum of $1,530,000 in the risky stock portfolio. Here, we have 
the largest short position of all portfolio cases. 
Below, in Figure 48, we display the efficient frontier for the final risky mixed 
portfolio. The frontier begins in the negative return area, which represents investment 
in the included futures. As we aim for higher returns, a larger weight is devoted to the 
equity portfolio. After the 1.6% return, which is what the original stock portfolio 
accomplished, the investor begins taking short positions in both the commodities. 
Following the same notion as we previously described, short positions in crude oil are 
much larger and grow much faster than those in natural gas. In the optimal case, our 
weight combination lies on the upper right area of the frontier (representing a large 
borrowed capital). 
 
 
 
 
 
 
w1 w2 w3 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial risky stock portfolio (1) 1,53 -0,37 -0,16 8,5828 2,6000 1,4073 0,2993 1,8255
Crude oil futures (2)
Natural gas futures (3)
Risky portfolio mixed with crude oil and natural gas
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Figure 48. Risky stock portfolio mixed with Crude oil & Natural gas futures efficient frontier. 
The following mix includes the neutral stock portfolio and both the commodity 
futures.  In this composure, we again reach the best overall outcome regarding returns 
and performance ratios (see Figure 49) in the neutral risk class. With an achieved return 
of 2.15%, a Sharpe and Treynor ratio of 0.3370 and 2.2841 respectively, including both 
commodities in the original equity structure rewards the neutral investors with the 
highest portfolio performance. It is notable here that these values are a slight 
improvement above what we achieved when we only added the crude oil contract, 
testifying that this product plays the most important role in the outcome. The risk of this 
portfolio is the highest (6.29%) among all neutral scenarios and the beta of 0.9277 falls 
below that of the initial equity portfolio. In this case, a nominal capital of $1,000,000 
shall be allocated as follows: borrow $300,000 in crude oil futures, another $70,000 in 
natural gas futures and invest $1,370,000 in the neutral stock portfolio. We once more 
notice that as we reduce risk levels, our short position decreases and we reach higher 
portfolio performance. 
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Figure 49. Neutral stock portfolio mixed with crude oil & natural gas futures results. 
 
Figure 50. Neutral stock portfolio mixed with Crude oil & Natural gas futures efficient frontier. 
In Figure 50, we observe the efficient frontier for the final neutral mixed 
portfolio. Compared to the risky scenario, we are able to reach lower portfolio risks with 
the same target returns. Our optimal portfolio brings a 2.15% return. We can pinpoint 
this at the further upper and right area of the graph, since in this scenario a neutral 
investor assumes the largest short position. In the same line as before, crude oil, yet 
again, represents the largest portion of the short position.  
 
 
 
 
 
w1 w2 w3 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial neutral stock portfolio (1) 1,37 -0,30 -0,07 6,2874 2,1500 0,9277 0,3370 2,2841
Crude oil futures (2)
Natural gas futures (3)
Neutral portfolio mixed with crude oil and natural gas
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The final step of the application concerns the formation of a low risk portfolio 
that includes the 2 commodity products and the originally selected low risk stocks. We 
present our findings for this occasion below. 
 
Figure 51. Low risk stock portfolio mixed with crude oil & natural gas futures results. 
In this last constructed portfolio, we achieve the best results as far as total risk 
performance is concerned (Sharpe ratio = 0.5040), however, in the sense of systematic 
risk (Treynor ratio = 3.2276), we achieve a lower performance than the crude oil mix. 
The return value of 1.75% is the same between the two instances, with the present 
portfolio having a slightly lower standard deviation (σ = 3.41%). A low risk investor that 
seeks to invest $1,000,000 of their wealth should borrow $90,000 in crude oil futures, 
borrow another $50,000 in natural gas futures, and finally invest $1,140,000 in the low 
risk equity portfolio (see Figure 51). The portfolio’s beta (0.5236), like in the neutral case, 
falls below that of the stock portfolio and the natural gas mix, yet, takes a higher value 
than the crude oil mixture. The low risk investors’ short positions in the commodities 
are the smallest among all the final mixed formations. 
 
Figure 52. Low risk stock portfolio mixed with Crude oil & Natural gas futures efficient frontier. 
w1 w2 w3 σp Rp Portfolio Beta Sharpe ratio Treynor Ratio
Initial low risk stock portfolio (1) 1,14 -0,09 -0,05 3,4106 1,7500 0,5326 0,5040 3,2276
Crude oil futures (2)
Natural gas futures (3)
Low risk portfolio mixed with crude oil and natural gas
Optimal portfolio return → 
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In Figure 52 above, we exhibit the efficient frontier for the final low risk mixed 
portfolio. In the same line with the previous cases, the short positions in crude oil are 
the largest between the two futures contracts, however, in the low risk category, we 
notice the smallest difference between the two (in the optimal portfolio we allocate 64% 
of the short position in crude oil and 36% in natural gas). The bottom right point of the 
frontier depicts investment in the derivatives, something which brings negative returns, 
while for achieving returns above what the stock portfolio can offer, an investor has to 
assume short positions in both commodities.  
In the following figures, we report the results for all constructed portfolios, as 
well as the percentage changes in their stats, when we add commodities to the stock 
portfolios. 
 
Figure 53. Percentage changes when we add commodity futures to the stock portfolios 
 
As we can realize from Figure 53 and Figure 54, a risk-seeking investor who wants 
to achieve higher portfolio performance should move to the final mix construction. It 
presents the highest risk, but the returns reached (highest percentage increase in 
achieved returns) reward the investor who has the nerve to take the chance. 
In the neutral risk category, an investor may include natural gas commodities for 
a slight performance improvement should they want to avoid a higher risk exposure. 
Nonetheless, once again, the overall best performance outcome is reached in the final 
% Changes % σp  change % Rp  change % Sharpe  change % Treynor  change % beta  change
33,74 43,75 8,13 41,99 1,846399
21,65 25,00 3,16 11,85 12,20056
48,16 62,50 10,51 46,20 12,00083
22,81 33,33 9,14 44,95 -7,51958
5,42 6,67 1,31 4,11 2,597381
31,15 43,33 9,98 48,88 -3,11209
13,32 16,67 3,27 39,23 -15,9587
4,38 6,67 2,33 5,60 1,134423
10,83 16,67 5,59 27,76 -8,40925
Initial Risky to Mixed with Crude
Initial Risky to Mixed with Nat Gas
Initial Risky to Fully Mixed
Initial Neutral to Mixed with Crude
Initial Neutral to Mixed with Nat Gas
Initial Neutral risk to Fully Mixed
Initial Low risk to Mixed with Crude
Initial Low risk to Mixed with Nat Gas
Initial Low risk to Fully Mixed
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mix occasion. We should mention here that the crude oil and final commodity mix 
manage to lower our stock portfolio’s beta. 
Figure 54. All constructed portfolios stats. 
Moving on, for investors trying to keep their exposure at minimum levels, natural 
gas futures seems once more like the best option, since they result in a moderate 
performance upgrade, while keeping risk at low levels (same returns with the neutral 
and natural gas mix, but at a lower risk cost). Crude oil consists the optimum selection 
when we consider systematic risk, however this comes at the cost of the highest 
standard deviation among all low risk combinations. Incorporating both commodities 
brings the highest performance upgrade regarding the total portfolio risk.  As far as 
betas are concerned, the case here is similar to the neutral portfolio case. The best 
portfolio performance ratios in all cases are achieved in the low risk mixtures. 
Overall, we notice that natural gas mixes result in the lowest risk increase. This is 
due to the commodity’s low correlation with every original stock portfolio. Nonetheless, 
Initial Portfolios σp Rp Sharpe ratio Treynor Ratio beta
Risky 5,793058 1,6 0,27084141 1,248668032 1,2565
Neutral 4,793935 1,5 0,30642887 1,534170378 0,9575
Low Risk 3,077442 1,5 0,477344539 2,526354638 0,5815
σp Rp Sharpe ratio Treynor Ratio beta
Risky 7,747907 2,3 0,292853275 1,773028199 1,2797
Neutral 5,88737 2 0,334444728 2,223707401 0,8855
Low Risk 3,487234 1,75 0,492940879 3,517495056 0,4887
Mixed with Nat Gas futures σp Rp Sharpe ratio Treynor Ratio beta
Risky 7,047417 2 0,279393133 1,396676388 1,4098
Neutral 5,053942 1,6 0,310450945 1,597159033 0,9824
Low Risk 3,21224 1,6 0,48844448 2,667930441 0,5881
Mixed with Crude Oil + Nat Gas futures σp Rp Sharpe ratio Treynor Ratio beta
Risky 8,582788 2,6 0,299319986 1,825493775 1,40729
Neutral 6,287449 2,15 0,337020641 2,284139189 0,927702
Low Risk 3,410639 1,75 0,504011144 3,227561559 0,5326
Mixed with Crude Oil futures
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the product’s unstable nature (highest risk among all assets), results in Solver allocating 
very little in this security’s short positions. On the other hand, crude oil’s larger 
correlations have all the risk combinations reaching higher standard deviations, assuring 
though higher returns and performance. Woodard et al. reached a similar conclusion in 
2011 by studying a pre-crisis regime. Nonetheless, both futures appear to have a 
stronger equity price comovement in the period under scrutiny (see also Delatte & 
Lopez, 2013, Büyüksahin & Robe, 2014). Including both commodities results in the 
riskiest, yet most rewarding combinations of all.  
We may conclude that in all scenarios, by adding commodities we manage to 
keep our portfolios’ betas fairly stable, while achieving higher performances. Gorton & 
Rouwenhorst (2006) reached similar return results by examining a pre-crisis period and 
with an equally weight wealth allocation. Their results differ though as far as risk is 
concerned. Our findings also come in line with Bessler & Wolff (2015), but partly 
contradict those of Daigler et al. (2017), who found that individual commodities enhance 
returns while reducing risk. In our case, all mixed portfolios come with an increased level 
of risk when compared to the equity portfolios (see also Lombardi & Ravazzolo, 2016). 
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Conclusions. 
 
This thesis takes a look into the diversification effects of commodity futures in 
Dow Jones’ firms’ stock portfolios. Having provided the basic traits of this alternative 
asset class and outlined the importance of commodities through time, we approach the 
matter from the Modern Portfolio Theory’s point of view. We employ the risk and 
return formulas introduced by Harry Markowitz and, based on these, we construct 
optimal weight stock portfolios. We then incorporate some of the most heavily traded 
commodity products in year 2018, that is crude oil and natural gas futures, and study 
how this mix affects different risk class investors. All in all, our application involves the 
construction of 3 stock portfolios and 9 mixed ones.    
We conclude that in general, adding the said commodities brings higher returns 
and risks in comparison to the initial equity sets, while keeping the portfolios’ betas 
moderately steady. That confirms the fact that in the post financial crisis period, the 
increased correlation between stocks and commodity products has cut down the 
diversification advantages of the latter. Overall, we find that including natural gas results 
in the smallest changes as far as risk and return are regarded, while crude oil brings 
higher returns at the cost of extra risk. When we add both future contracts, the findings 
suggest that in all risk conditions, the best portfolio performance is achieved. These 
results can be used by different risk class investors who wish to investigate what rewards 
and risks they could expect, should they choose to add these commodity futures in their 
respective portfolios. 
Closing, we have to emphasize the fact that our application results concern the 
period after the ’07 financial crisis, with the market entering a period of tranquility and 
expansion. We study a conditional regime, and so must not consider our findings 
intertemporal. The results would most likely have been quite different should we have 
chosen to investigate another period. There is room here for more research and 
application expansion. Moreover, we must also note that our conclusions concern two 
energy commodity futures and their unique effects. Since, commodities are highly 
heterogeneous (Belousova & Dorfleitner, 2012, Cheng & Xiong, 2014), investors must 
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pay extreme attention to the uniqueness of each commodity product they are thinking 
of adding to their portfolio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Page 75 of 83 
 
References. 
 Chadwicks’ Investment Circular 
 Beeton, S. (1870). Beeton’ s guide to the stock exchange and money market. London: Ward, 
Lock and Tyler. 
 Makower, H., & Marschak, J. (1938). Assets, prices and monetary theory. Economica, 5(19), 
261-288. 
 Roy, A. D. (1952). Safety first and the holding of assets. Econometrica: Journal of the 
econometric society, 431-449. 
 Williams, J. B. (1938). The theory of investment value (No. HG4521 W48). 
 Hicks, J. R. (1989). A suggestion for simplifying the theory of money. In General Equilibrium 
Models of Monetary Economies (pp. 7-23). Academic Press. 
 Lowenfeld, H. (1909). Investment an exact science (The Financial review of reviews, London, 
Eng.).  
 Lowenfeld, H. (1911). The rudiments of sound investment. Investment Registry. 
 Leroy-Beaulieu, P. (1908). L'art de placer et gérer sa fortune. Ch. Delagrave. 
 Neymarck, A. (1913). Que doit-on faire de son argent?: Notions et conseils pratiques sur les 
valeurs mobilières, placements et opérations (Vol. 47). Marchal et Godde. 
 Crozier, J.B. (1910). Notes on the first principles of investment. London: The Financial Review 
of Reviews. 
 Elton, E. J., & Gruber, M. J. (1997). Modern portfolio theory, 1950 to date. Journal of Banking 
& Finance, 21(11-12), 1743-1759. 
 Omisore, I., Yusuf, M., & Christopher, N. (2011). The modern portfolio theory as an investment 
decision tool. Journal of Accounting and Taxation, 4(2), 19-28. 
 Fama, E. F. (1976). Efficient capital markets: reply. The Journal of Finance, 31(1), 143-145. 
 Malkiel, B. G. (2003). The efficient market hypothesis and its critics. Journal of economic 
perspectives, 17(1), 59-82. 
 Chan, L. H. (2011). Teaching Theory Versus Practical Use: The Case of the Modern Portfolio 
Theory. Journal of Utah Academy of Arts and Sciences, Forthcoming. 
 Shiller, R. J. (2003). From efficient markets theory to behavioral finance. Journal of economic 
perspectives, 17(1), 83-104. 
 Singh, S. (2012). Investor irrationality and self-defeating behavior: Insights from behavioral 
finance. Journal of Global Business Management, 8(1), 116. 
 Subrahmanyam, A. (2008). Behavioural finance: A review and synthesis. European Financial 
Management, 14(1), 12-29. 
 Porto, N., & Xiao, J. J. (2016). Financial Literacy Overconfidence and Financial Advice 
Seeking. Journal of Financial Service Professionals, 70(4). 
 Resnik, B. L. (2010). Did Modern Portfolio Theory Fail Investors in the Credit Crisis?. The CPA 
Journal, 80(10), 10. 
 Chandra, S. (2003). Regional economy size and the growth–instability frontier: Evidence from 
Europe. Journal of Regional Science, 43(1), 95-122. 
 Holton, G. A. (2004). Defining risk. Financial Analysts Journal, 60(6), 19-25. 
 Ross, S. A. (2008). Modern financial management. McGraw-Hill/Irwin. 
 Conerly, B. (2013). Uncertainty and Risk Management: What to Do About Black Swans?. 
Forbes vom, 20, 2013. 
 Gup, B. E. (1977). Portfolio theory—a planning tool. Long Range Planning, 10(3), 10-13. 
 Lintner, J. (1969). The valuation of risk assets and the selection of risky investments in stock 
portfolios and capital budgets: A reply. The review of economics and statistics, 222-224. 
 Bodie, Z., Kane, A., & Marcus, A. J. (2013). Investments and portfolio management. McGraw 
Hill Education (India) Private Limited. 
 Page 76 of 83 
 
 Brigham, E. M., & Houston, J. F. (2007). Fundamental of Financial Management (11th ed.). 
Thomson South-Western. 
 Hull, J. (2012). Risk management and financial institutions,+ Web Site (Vol. 733). John Wiley 
& Sons. 
 Taleb, N. N. (2007). The black swan: The impact of the highly improbable (Vol. 2). Random 
house. 
 Markowitz, H. (1952). Portfolio selection. The journal of finance, 7(1), 77-91. 
 Markowitz, H. M. (1999). The early history of portfolio theory: 1600–1960. Financial analysts 
journal, 55(4), 5-16. 
 Markovitz, H. (1959). Portfolio selection: Efficient diversification of investments. NY: John 
Wiley. 
 Reilly, F. K., & Brown, K. C. (2003). Investment Analysis: Portfolio Management (7th ed.). 
Thomson South-Western. 
 Kienzle, F., & Andersson, G. (2008, March). Efficient multi-energy generation portfolios for the 
future. In 4th Annual Carnegie Mellon Conference on the Electricity Industry. 
 Pike, R., & Neale, B. (2009). Corporate Finance and Invesment: Decisions and Strategies (6th 
ed.). Pearson. 
 Berk, J., & DeMarzo, P. (2011). Corporate Finance (2nd ed.). Pearson. 
 Cronqvist, H., Siegel, S., & Yu, F. (2015). Value versus growth investing: Why do different 
investors have different styles?. Journal of Financial Economics, 117(2), 333-349. 
 Chan, L. K., & Lakonishok, J. (2004). Value and growth investing: Review and update. Financial 
Analysts Journal, 60(1), 71-86. 
 Francis, J. C., & Kim, D. (2013). Modern portfolio theory: Foundations, analysis, and new 
developments (Vol. 795). John Wiley & Sons. 
 Spurgin, R. B. (2001). How to game your Sharpe ratio. The Journal of Alternative 
Investments, 4(3), 38-46. 
 Sharpe, W. F. (1966). Mutual fund performance. The Journal of business, 39(1), 119-138. 
 Bernardo, A. E., & Ledoit, O. (2000). Gain, loss, and asset pricing. Journal of political 
economy, 108(1), 144-172. 
 Sortino, F. A., & Price, L. N. (1994). Performance measurement in a downside risk 
framework. the Journal of Investing, 3(3), 59-64. 
 RollingeR, T., & Hoffman, S. (2013). Sortino ratio: A better measure of risk. Futures 
Magazine, 1(02). 
 Treynor, J. L. (1965). How to rate management of investment funds. Harvard business 
review, 43(1), 63-75. 
 Jensen, M. C. (1969). Risk, the pricing of capital assets, and the evaluation of investment 
portfolios. Journal of business, 42(2), 167-247.  
 Sharpe, W. F. (1964). Capital asset prices: A theory of market equilibrium under conditions of 
risk. The journal of finance, 19(3), 425-442. 
 Lintner, J. (1965). «The Valuation of Risky Assets and the Selection of the Risky Investments 
in Stock Portfolios and Capital Budgets», Reviews of Economies and Statistics, 47, pp. 13-37 
 Mossin, J. (1966). Equilibrium in a capital asset market.Econometrica: Journal of the 
econometric society, 768-783. 
 Modigliani, F., & Leah, M. (1997). Risk-adjusted performance.Journal of portfolio 
management, 23(2), 45. 
 Kummer, S., & Pauletto, C. (2012, May). The history of derivatives: A few milestones. In EFTA 
Seminar on Regulation of Derivatives Markets (pp. 431-466). 
 Hammoudeh, S., & McAleer, M. (2013). Risk management and financial derivatives: An 
overview. The North American Journal of Economics and Finance, 25, 109-115. 
 Chen, W. P., Chung, H., & Lien, D. (2016). Price discovery in the S&P 500 index derivatives 
markets. International Review of Economics & Finance, 45, 438-452. 
 Page 77 of 83 
 
 Tanha, H., & Dempsey, M. (2017). Derivatives usage in emerging markets following the GFC: 
Evidence from the GCC countries.Emerging Markets Finance and Trade, 53(1), 170-179. 
 Mayhew, S. (2000). The impact of derivatives on cash markets: what have we 
learned. Unpublished manuscript, University of Georgia, February. 
 Deutsche Börse, A. G. (2009). The Global Derivatives Market: A Blueprint for Market Safety 
and Integrity. Deutsche Börse Group White Paper, September. 
 Allayannis, G., & Ofek, E. (2001). Exchange rate exposure, hedging, and the use of foreign 
currency derivatives. Journal of international money and finance, 20(2), 273-296. 
 Bartram, S. M., Brown, G. W., & Fehle, F. R. (2009). International evidence on financial 
derivatives usage. Financial management, 38(1), 185-206. 
 Şendeniz-Yüncü, İ., Akdeniz, L., & Aydoğan, K. (2018). Do stock index futures affect economic 
growth? Evidence from 32 countries. Emerging Markets Finance and Trade, 54(2), 410-429. 
 Rodrigues, P., Schwarz, C., & Seeger, N. (2012). Does the Institutionalization of Derivatives 
Trading Spur Economic Growth?. Available at SSRN 2014805. 
 Bujari, A. A., Martínez, F. V., & Lechuga, G. P. (2016). Impact of derivatives markets on 
economic growth in some of the major world economies: A difference-GMM panel data 
estimation (2002-2014). Aestimatio: The IEB International Journal of Finance, (12), 110-127. 
 Epstein, G. A. (Ed.). (2005). Financialization and the world economy. Edward Elgar Publishing. 
 Haiss, P. R., & Sammer, B. (2010). The impact of derivatives markets on financial integration, 
risk, and economic growth.Risk, and Economic Growth (August 8, 2010). 
 Tse, Y., Xiang, J., & Fung, J. K. (2006). Price discovery in the foreign exchange futures market. 
Journal of Futures Markets: Futures, Options, and Other Derivative Products, 26(11), 1131-
1143. 
 Rosenberg, J. V., & Traub, L. G. (2009). Price discovery in the foreign currency futures and spot 
market. The Journal of Derivatives, 17(2), 7-25. 
 Newbery, D. M. (2008). Futures markets, hedging and speculation. The New Palgrave 
Dictionary of Economics: Volume 1–8, 2327-2332. 
 Haase, M., Zimmermann, Y. S., & Zimmermann, H. (2016). The impact of speculation on 
commodity futures markets–A review of the findings of 100 empirical studies. Journal of 
Commodity Markets, 3(1), 1-15. 
 Andreasson, P., Bekiros, S., Nguyen, D. K., & Uddin, G. S. (2016). Impact of speculation and 
economic uncertainty on commodity markets. International review of financial analysis, 43, 
115-127. 
 Gorton, G., & Rouwenhorst, K. G. (2006). Facts and fantasies about commodity futures. 
Financial Analysts Journal, 62(2), 47-68. 
 Chong, J., & Miffre, J. (2009). Conditional correlation and volatility in commodityfutures and 
traditional asset markets. The Journal of Alternative Investments, 12(3), 061-075. 
 Büyüksahin, B., Haigh, M. S., & Robe, M. A. (2009). Commodities and equities: ever a “market 
of one”?. The Journal of Alternative Investments, 12(3), 76-95. 
 Fabozzi, F. J., Fuss, R., & Kaiser, D. G. (2008). The handbook of commodity investing (Vol. 156). 
John Wiley & Sons. 
 Silvennoinen, A., & Thorp, S. (2013). Financialization, crisis and commodity correlation 
dynamics. Journal of International Financial Markets, Institutions and Money, 24, 42-65. 
 Büyükşahin, B., & Robe, M. A. (2014). Speculators, commodities and cross-market linkages. 
Journal of International Money and Finance, 42, 38-70. 
 Belousova, J., & Dorfleitner, G. (2012). On the diversification benefits of commodities from 
the perspective of euro investors. Journal of Banking & Finance, 36(9), 2455-2472. 
 Bekaert, G., & Wang, X. (2010). Inflation risk and the inflation risk premium. Economic Policy, 
25(64), 755-806. 
 Bruno, S., & Chincarini, L. B. (2010). Hedging inflation internationally. Available at SSRN 
1536959. 
 Page 78 of 83 
 
 Beckmann, J., & Czudaj, R. (2013). Gold as an inflation hedge in a time-varying coefficient 
framework. The North American Journal of Economics and Finance, 24, 208-222. 
 Erb, C. B., & Harvey, C. R. (2006). The strategic and tactical value of commodity futures. 
Financial Analysts Journal, 62(2), 69-97. 
 Kuosmanen, T. (2004). Efficient diversification according to stochastic dominance 
criteria. Management Science, 50(10), 1390-1406. 
 Christoffersen, P., Lunde, A., & Olesen, K. V. (2019). Factor structure in commodity futures 
return and volatility. Journal of Financial and Quantitative Analysis, 54(3), 1083-1115. 
 Gatfaoui, H. (2016). Linking the gas and oil markets with the stock market: Investigating the 
US relationship. Energy Economics, 53, 5-16. 
 Gatfaoui, H. (2019). Diversifying portfolios of US stocks with crude oil and natural gas: A 
regime-dependent optimization with several risk measures. Energy Economics, 80, 132-152. 
 Daigler, R. T., Dupoyet, B., & You, L. (2017). Spicing up a Portfolio with Commodity Futures: 
Still a Good Recipe?. The Journal of Alternative Investments, 19(4), 8-23. 
 Wen, X., & Nguyen, D. K. (2017). Can investors of Chinese energy stocks benefit from 
diversification into commodity futures?. Economic Modelling, 66, 184-200. 
 Daskalaki, C., Skiadopoulos, G., & Topaloglou, N. (2017). Diversification benefits of 
commodities: A stochastic dominance efficiency approach. Journal of Empirical Finance, 44, 
250-269. 
 Bansal, Y., Kumar, S., & Verma, P. (2014). Commodity futures in portfolio diversification: 
Impact on investor's utility. Global Business and Management Research, 6(2), 112. 
 Mishra, A. K. (2008, January). Commodity Futures Markets in India: Riding the Growth Phase. 
In International Conference on Commodity Future: Riding the Growth Phase. 
 Clare, A., Seaton, J., Smith, P. N., & Thomas, S. (2014). Trend following, risk parity and 
momentum in commodity futures.International Review of Financial Analysis, 31, 1-12. 
 You, L., & Daigler, R. T. (2013). AM arkowitz Optimization of Commodity Futures 
Portfolios. Journal of Futures Markets,33(4), 343-368. 
 Belousova, J., & Dorfleitner, G. (2012). On the diversification benefits of commodities from 
the perspective of euro investors.Journal of Banking & Finance, 36(9), 2455-2472. 
 Chan, K. F., Treepongkaruna, S., Brooks, R., & Gray, S. (2011). Asset market linkages: Evidence 
from financial, commodity and real estate assets. Journal of Banking & Finance, 35(6), 1415-
1426. 
 Woodard, J. D., Egelkraut, T. M., Garcia, P., & Pennings, J. M. (2011). Effects of full 
collateralization in commodity futures investments. Journal of Derivatives & Hedge 
Funds, 16(4), 253-266. 
 Geman, H. (2009). Commodities and commodity derivatives: modeling and pricing for 
agriculturals, metals and energy. John Wiley & Sons. 
 Geman, H., & Kharoubi, C. (2008). WTI crude oil futures in portfolio diversification: The time-
to-maturity effect. Journal of Banking & Finance, 32(12), 2553-2559. 
 Gorton, G., & Rouwenhorst, K. G. (2006). Facts and fantasies about commodity 
futures. Financial Analysts Journal, 62(2), 47-68. 
 Georgiev, G. (2001). Benefits of commodity investment. The Journal of Alternative 
Investments, 4(1), 40-48. 
 Jensen, G. R., Johnson, R. R., & Mercer, J. M. (2000). Efficient use of commodity futures 
in diversified portfolios. Journal of Futures Markets: Futures, Options, and Other Derivative 
Products, 20(5), 489-506. 
 Becker, K. G., & Finnerty, J. E. (2000). Indexed commodity futures and the risk and return 
of institutional portfolios. 
 Anson, M. J. (1999). Maximizing utility with commodity futures diversification. The 
Journal of Portfolio Management, 25(4), 86-94. 
 Satyanarayan, S., & Varangis, P. (1996). Diversification benefits of commodity assets in 
global portfolios. The Journal of Investing, 5(1), 69-78. 
 Page 79 of 83 
 
 Lombardi, M. J., & Ravazzolo, F. (2016). On the correlation between commodity and 
equity returns: implications for portfolio allocation. Journal of Commodity Markets, 2(1), 45-
57. 
 Bonato, M. (2019). Realized correlations, betas and volatility spillover in the agricultural 
commodity market: What has changed?. Journal of International Financial Markets, 
Institutions and Money. 
 Berger, T., & Uddin, G. S. (2016). On the dynamic dependence between equity markets, 
commodity futures and economic uncertainty indexes. Energy Economics, 56, 374-383. 
 Bessler, W., & Wolff, D. (2015). Do commodities add value in multi-asset portfolios? An 
out-of-sample analysis for different investment strategies. Journal of Banking & Finance, 60, 
1-20. 
 Büyükşahin, B., & Robe, M. A. (2014). Speculators, commodities and cross-market 
linkages. Journal of International Money and Finance, 42, 38-70. 
 Delatte, A. L., & Lopez, C. (2013). Commodity and equity markets: Some stylized facts 
from a copula approach. Journal of Banking & Finance, 37(12), 5346-5356. 
 Silvennoinen, A., & Thorp, S. (2013). Financialization, crisis and commodity correlation 
dynamics. Journal of International Financial Markets, Institutions and Money, 24, 42-65. 
 Daskalaki, C., & Skiadopoulos, G. (2011). Should investors include commodities in their 
portfolios after all? New evidence. Journal of Banking & Finance, 35(10), 2606-2626. 
 Cheung, C. S., & Miu, P. (2010). Diversification benefits of commodity futures. Journal of 
International Financial Markets, Institutions and Money, 20(5), 451-474. 
 Cao, B., Jayasuriya, S., & Shambora, W. (2010). Holding a commodity futures index fund 
in a globally diversified portfolio: A placebo effect. Economics Bulletin, 30(3), 1842-1851. 
 Erb, C. B., & Harvey, C. R. (2006). The strategic and tactical value of commodity futures. 
Financial Analysts Journal, 62(2), 69-97. 
 Cheng, I. H., & Xiong, W. (2014). Financialization of commodity markets. Annu. Rev. 
Financ. Econ., 6(1), 419-441. 
 
 
 
 
 
 
  
 
 
